RCA 

Integrated 

Circuits 


This DATABOOK contains com- 
plete technical information on the 
full line of RCA monolithic inte- 
grated circuits: linear types, MOS 
field-effect (MOS/FET) types, COS/ 
MOS digital types, memory types, 
microprocessor types, and high-reli- 
ability types. 

General operating considerations 
for RCA integrated circuits and a 
listing of symbols and special terms 
used in the data are given in the 
following pages. The book is then 
divided into six major sections, one 
for each of the various types of de- 
vices. General information such as 
dimensional outlines and ordering 
information is included in an Ap- 
pendix at the back of the book. The 
Appendix also includes abstracts of 
relevant RCA Application Notes. 
The final pages contain a complete 
index to individual type numbers' 

To facilitate type selection, com- 
prehensive product selection charts 
are included at the beginning of each 
major section. In many cases, indus- 
try cross-reference or replacement 
guides are also included. Data pages 
for individual devices are then in- 
cluded as nearly as possible in alpha- 
numerical sequence of type numbers. 
Because some devices are grouped 
together to show similarity of func- 
tion and/or data, individual type 
numbers may be out of sequence. 
If you don’t find the type number 
you’re looking for where you expect 
it to be, check the index to devices. 
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Operating Considerations 

Solid state devices are being designed into an increasing 
variety of electronic equipment because of their high 
standards of reliability and performance. However, it is 
essential that equipment designers be mindful of good 
engineering practices in the use of these devices to achieve 
the desired performance. 

This Note summarizes important operating recommen- 
dations and precautions which should be followed in the 
interest of maintaining the high standards of performance of 
solid state devices. 

The ratings included in RCA Solid State Devices data 
bulletins are based on the Absolute Maximum Rating 
System, which is defined by the following Industry Standard 
(JEDEC) statement: 

Absolute-Maximum Ratings are limiting values of opera- 
ting and environmental conditions applicable to any electron 
device of a specified type as defined by its published data, 
and should not be exceeded under the worst probable 
conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no responsi- 
bility for equipment variations, environmental variations, and 
the effects of changes in operating conditions due to 
variations in device characteristics. 

The equipment manufacturer should design so that 
initially and throughout life no absolute-maximum value for 
the intended service is exceeded with any device under the 
worst probable operating conditions with respect to supply- 
voltage variation, equipment component variation, equip- 
ment control adjustment, load variation, signal variation, 
environmental conditions, and variations in device charac- 
teristics. 

It is recommended that equipment manufacturers consult 
RCA whenever device applications involve unusual electrical, 
mechanical or environmental operating conditions. 


GENERAL CONSIDERATIONS 


The design flexibility provided by these devices makes 
possible their use in a broad range of applications and under 
many different operating conditions. When incorporating 
these devices in equipment, therefore, designers should 
anticipate the rare possibility of device failure and make 
certain that no safety hazard would result from such an 
occurrence. 

The small size of most solid state products provides 
obvious advantages to the designers of electronic equipment. 
However, it should be recognized that these compact devices 
usually provide only relatively small insulation area between 
adjacent leads and the metal envelope. When these devices 
are used in moist or contaminated atmospheres, therefore, 
supplemental protection must be provided to prevent the 
development of electrical conductive paths across the 
relatively small insulating surfaces. 


Devi 
from ci 
ttages 


Devices should not be connected into or disconnected 
circuits with the power on because high transient 
may cause permanent damage to the devices. 


TESTING PRECAUTIONS 

In common with many electronic components, solid-state 
devices should be operated and tested in circuits which have 
reasonable values of current limiting resistance, or other 
forms of effective current overload protection. Failure to 
observe these precautions can cause excessive internal heating 
of the device resulting in destruction and/or possible 
shattering of the enclosure. 

MOUNTING 

Integrated circuits are normally supplied with lead-tin 
plated leads to facilitate soldering into circuit boards. In 
those relatively few applications requiring welding of the 
device leads, rather than soldering, the devices may be 
obtained with gold or nickel plated Kovar leads.* It should be 
recognized that this type of plating will not provide complete 
protection against lead corrosion in the presence of high 
humidity and mechanical stress. The aluminum-foil-lined 
cardboard “sandwich pack” employed for static protection 
of the flat-pack also provides some additional protection 
against lead corrosion, and it is recommended that the 
devices be stored in this package until used. 

When integrated circuits are welded onto printed circuit 
boards or equipment, the presence of moisture between the 
closely spaced terminals can result in conductive paths that 
may impair device performance in high-impedance appli- 
cations. It is therefore recommended that conformal coatings 
or potting be provided as an added measure of protection 
against moisture penetration. 

In any method of mounting integrated circuits which 
involves bending or forming of the device leads, it is 
extremely important that the lead be supported and clamped 
between the bend and the package seal, and that bending be 
done with care to avoid damage to lead plating. In no case 
should the radius of the bend be less than the diameter of the 
lead, or in the case of rectangular leads, such as those used in 
RCA 14-lead and 16-lead flat-packages, less than the lead 
thickness. It is also extremely important that the ends of the 
bent leads be straight to assure proper insertion through the 
holes in the printed-circuit board. 

A wide variety of solvents is available for degreasing and 
flux removal. The usual practice is to submerge components 
in a solvent bath for a specified time. However, from a 
reliability stand point it is extremely important that the 
solvent, together with other chemicals in the solder-cleaning 
system (such as flux and solder covers), do not adversely 
affect the life of the component. This consideration applies 
to all non-hermetic and molded-plastic components. 

It is. of course, impractical to evaluate the effect on 
long-term device life of all cleaning solvents, which are 
marketed with numerous additives under a variety of brand 
names. These solvents can, however, be classified with 
respect to their component parts as either acceptable or 
unacceptable. Chlorinated solvents tend to dissolve the outer 
package and, therefore, make operation in a humid atmos- 
phere unreliable. Gasoline and other hydrocarbons cause the 


inner encapsulant to swell and damage the transistor. Alcohol 
is an acceptable solvent. Examples of specific, acceptable 
alchols are isopropanol, methanol, and special denatured 
alcohols, such as SDA1 ; SDA30, SDA34, and SDA44. 

Care must also be used in the selection of fluxes for lead 
soldering. Rosin or activated rosin \fluxes are recommended, 
while organic or acid fluxes are not. Examples of acceptable 
fluxes are: 

1 . Alpha Reliaros No. 320-33 

2. Alpha Reliaros No. 346 

3. Alpha Reliaros No. 711 

4. Alpha Reliafoam No. 807 

5. Alpha Reliafoam No. 809 

6. Alpha Reliafoam No. 811-13 

7. Alpha Reliafoam No. 815-35 

8. Kester No. 44 

If the completed assembly is to be encapsulated, the 
effect on the molded-plastic transistor must be studied from 
both a chemical and a physical standpoint. 

MOS FIELD-EFFECT TRANSISTORS 

Insulated-Gate Metal Oxide-Semiconductor Field-Effect 
Transistors (MOS FETs), like bipolar high-frequency 
transistors, are susceptible to gate insulation damage by the 
electruo^tl: marge of energy through the devices. 

Electrostatic discharges can occur in an MOS FET if a type 
with an unprotected gate is picked up and the static charge, 
built in the handler’s body capacitance, is discharged through 
the device. With proper handling and applications 
procedures, however, MOS transistors are currently being 
extensively used in production by numerous equipment 
manufacturers in military, industrial, and consumer applica- 
tions, with virtually no problems of damage due to 
electrostatic discharge. 

In some MOS FETs, diodes are electrically connected 
between each insulated gate and the transistor’s source. 
These diodes offer protection against static discharge and 
in-circuit transients without the need for external shorting 
mechanisms. MOS FETs which do not include gate- 
protection diodes can be handled safely if the following basic 
precautions are taken : 

1 . Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs attached to the device by the vendor, or by the 
insertion into conductive material such as “ECCOSORB* 
LD26” or equivalent. 

(NOTE: Polystyrene insulating “SNOW” is not suffi- 
ciently conductive and should not be used.) 

2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means, for example, with a metallic wristband. 

3. Tips of soldering irons should be grounded. 

4. Devices should never be inserted into or removed from 
circuits with power on. 

*Trade Mark: Emerson and Cumming, Inc. 


COS/MOS INTEGRATED CIRCUITS 

Handing 

All COS/MOS gate inputs have a resistor/diode gate 
protection network. All transmission gate inputs and all 
outputs have diode protection provided by inherent p-n 
junction diodes. These diode networks at input and output 
interfaces protect COS/MOS devices from gate-oxide failure 
in handling environments where static discharge is not 
excessive. In low-temperature, low-humidity environments, 
improper handling may result in device damage. See 
ICAN-6000, “Handling and Operating Considerations for 
MOS Integrated Circuits”, for proper handling procedures. 

Operating 

Unused Inputs 

All unused input leads must be connected to either Vgs 
or ^DD> whichever is appropriate for the logic circuit 
involved. A floating input on a high-current type, such as the 
CD4049 or CD4050, not only can result in faulty logic 
operation, but can cause the maximum power dissipation of 
200 milliwatts to be exceeded and may result in damage to 
the device. Inputs to these types, which are mounted on 
printed-circuit boards that may temporarily become 
unterminated, should have a pull-up resistor to Vss or V[)]> 
A useful range of values for such resistors is from 10 kilohms 
to 1 megohm. 

Input Signals 

Signals shall not be applied to the inputs while the device 
power supply is off unless the input current is limited to a 
steady state value of less than 10 milliamperes. Input 
currents of less than 10 milliamperes prevent device damage; 
however, proper operation may be impaired as a result of 
current flow through structural diode junctions. 

Output Short Circuits 

Shorting of outputs to Vss or Vpo can damage many of 
the higher-output-current COS/MOS types, such as the 
CD4007, CD4041 , CD4049, and CD4050. In general, these 
types can all be safely shorted for supplies up to 5 volts, but 
will be damaged (depending on type) at higher power-supply 
voltages. For cases in which a short-circuit load, such as the 
base of a p-ri-p or an n-p-n bipolar transistor, is directly 
driven, the device output characteristics given in the 
published data should be consulted to determine the 
requirements for a safe operation below 200 milliwatts. 

For detailed COS/MOS IC operating and handling 
considerations, refer to Application Note ICAN-6000 
“Handling and Operating Considerations for MOS Integrated 
Circuits”. 

SOLID STATE CHIPS 

Solid state chips, unlike packaged devices, are non- 
hermetic devices, normally fragile and small in physical size, 

*Mil-M-38510A, paragraph 3. 5.6.1 (a), lead material. 
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and therefore, require special handling considerations as 
follows: 

1. Chips must be stored under proper conditions to insure 
that they are not subjected to a moist and/or contam- 
inated atmosphere that could alter their electrical, 
physical, or mechanical characteristics. After the shipping 
container is opened, the chip must be stored under the 
following conditions: 

A. Storage temperature, 40°C max. 

B. Relative humidity, 50% max. 

C. Clean, dust-free environment. 

2. The user must exercise proper care when handling chips 
to prevent even the slightest physical damage to the chip. 


3. During mounting and lead bonding of chips the user must 
use proper assembly techniques to obtain proper elec- 
trical, thermal, and mechanical performance. 

4. After the chip has been mounted and bonded, any 
necessary procedure must be followed by the user to 
insure that these non-hermetic chips are not subjected to 
moist or contaminated atmosphere which might cause 
the development of electrical conductive paths across the 
relatively small insulating surfaces. In addition, proper 
consideration must be given to the protection of these 
devices from other harmful environments which could 
conceivably adversely affect their proper performance. 
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closed-loop voltage gain 
audio amplifier gain 
differential voltage gain 
automatic chroma control 
automatic frequency control 
automatic fine tuning 
automatic gain control 
am rejection 
open-loop voltage gain 
amplifier voltage gain 
small-signal, common-source, 
forward transfer susceptance 
(imaginary part of corresponding 
admittance; see y^ s ) 
small-signal, common-source, 
input susceptance (imaginary 
part of corresponding admittance; 
see y is ) 

small-signal, common-source, 
output susceptance (imaginary 
part of corresponding admittance, 
see y os > 

small-signal, common-source, 
reverse transfer susceptance 
(imaginary part of corresponding 
admittance, see y rs ) 
bandwidth (unity gain) 
open-loop bandwidth 
address capacitance 
base-to-substrate capacitance 
collector-to-base capacitance 
chip-enable capacitance 
chip-select capacitance 
data input capacitance 
data output capacitance 
emitter-to-base capacitance 
external capacitance 
feedback capacitance 
input capacitance 
small-signal output capacitance 
small-signal input capacitance 
small-signal, common-source 
short-circuit input capacitance 
input-to-output capacitance; 
data in/out capacitance 
common-mode rejection ratio 
output capacitance 
feedthrough capacitance 
small-signal, common-source 
short-circuit output capacitance 
charge-pump capacitance 
small-signal, common-source 
short-circuit, reverse transfer 
capacitance 

read/write input capacitance 
input sensitivity 
l/F noise voltage 
low-frequency noise voltage; 
equivalent short-ci rcuit input 
noise voltage (juV / Hz) 
wideband noise voltage 
referenced to input 
channel separation 
broadband output noise voltage 
clock input frequency 
maximum operating frequency 
charge-pump input-pulse fre- 
quency 

unity-gain crossover frequency; 
gain-bandwidth product 
input-pulse frequency 
power gain 

forward transconductance 
(large-signal) 
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'gis 

'g2S 

'gssf 

■gissf 

'G2SSF 
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static forward-current transfer 
ratio (beta) 

small-signal forward-current 
transfer ratio 
dc supply current 
dc supply current 
amplifier supply current 
amplifier bias current 
AGC source current 
base current 
collector current 
collector cutoff current 
collector cutoff current 
output leakage current 
chip-select input current - high 
level 

chip-select input current - low 
level 

drain current 
dc on-state drain current 
dark current 
diode forward current 
output drive current, 
n-channel (sink); the output 
drive current flowing into the 
output terminal at a specified 
output voltage level, 
output drive current, p-channel 
(source); the output drive 
current flowing out of the out- 
put terminal at a specified out- 
put voltage level, 
supply current for drain supply 
voltage (V DD ) 

zero-gate (bias) drain current 
(dual-gate types) 
zero-gate (bias) drain current 
(single-gate types) 
forward current 
channel (input) gate lead 
current 

channel (input) gate reverse 
current 

gate terminal current (single- 
gate types) 

gate-No.1 terminal current 
dual-gate types 
gate-No. 2 terminal current 
dual-gate types 

gate-to-source forward leakage 
current, all other terminals 
shorted to source (dual-gate 
types). 

gate-No.1 source forward leakage 
current, all other terminals 
shorted to source (dual-gate 
types). 

gate-No. 2-to-source forward 
leakage current, all other 
terminals shorted to source 
(dual-gate types), 
gate-to-source reverse leakage 
current, all other terminals 
shorted to source (single-gate 
types). 

gate-No. 1-to-source reverse 
leakage current, all other 
terminals shorted to source 
(dual-gate types). 
gate-No. 2-to-source reverse 
leakage current, all other 
terminals shorted to source 
(dual-gate types). 
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gate trigger current; gate 
terminal current 
input current 
input bias current 
internal bias current 
input leakage current, high 
level; the current flowing into 
an input when the input is set 
at the high logic state, 
input leakage current, low level; 
the current flowing into an 
input when the input is set at 
the low logic state, 
input offset current 
average temperature coefficient 
of input offset current 
temperature coefficient of input 
offset current (drift) 
short-circuit limiting current 
current-mirror transfer ratio 
l/F noise current 
equivalent ope n-cir cuit noise 
current (pA/ / Hz) 
output current 

differential output current 
(sink) 

output offset current 
output leakage current, low 
level; the current flowing out 
of a three-state device when the 
device is the off state and the 
output is forced to a low level, 
peak output current 
magnitude of peak output 
current 

maximum output current 
(source) 

maximum output current 
(sink) 

photo current 

peak-to-peak output current 
total quiescent current 
charge-pump input current 
dc reverse (leakage) current 
supply current for reference 
supply voltage 
strobe load current 
strobe reverse current 
supply current for source 
voltage (Vgg) 
supply current for supply 
voltage 

threshold current 
total supply current 
normalized factor (k^ = k/k f ) 

maximum available power gain 

maximum useable power gain 

(unneutralized) 

noise factor 

power output 

device dissipation 

power supply rejection ratio 

small-signal drain-to-source 

off -state resistance 

static drain-to-source on-state 

resistance 

gate leakage-current resistance 
output resistance 
low-frequency output resis + 
small-signal output resis* 
small-signal, short -cir 
common-source o 
resistance 



Terms and Symbols (cont’d) 


RqOFF 

R l 
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R i 

r on 


AR 


ON 


S/N 

SR 

T A 

t AA' ‘ADA 
*AC 

‘ah-'adh 

'am 

‘as, ‘ads 
‘CE 
‘CE 
‘CEA 

‘ cs 

‘CSV 

‘d 

‘doa 

‘doh 

‘DH'‘D1H 

‘ds-‘dis 

‘diw 

‘dr 

‘f 

‘fCE; 

‘fCL 

‘H 


THD 

‘off 

‘on 

‘PDH 

‘PHL 

l PLH 

‘PHZ 


‘PZH 


‘PLZ 


*PZL 



data output off resistance 
differential input resistance 
small-signal input resistance 
small-signal, short-circuit, 
common-source input resistance 
low-frequency input resistance 
ON resistance; the ON-state 
resistance of an analog switch 
at specified input and load 
conditions. 

AON resistance; the difference 
in ON-state resistance between 
any 2 analog switches at speci- 
fied input and load conditions, 
signal-to-noise ratio 
slew rate 

ambient temperature 
access time from address 
access time from chip select 
address hold time 
output active from MRD 
address setup time 
chip-enable active time 
chip-enable non-active time 
address time from chip 
enable 

chip-select setup time 
chip-select valid time 
delay time 
data-out active time 
data-out hold time 
data-in hold time, data hold 
time 

data-in setup time, data 
setup time 

data width effective time 
differential recovery time 
fall time 

input-pulse rise time 
chip select input fall time 
clock fall time 

data hold time; data-to-clock 

hold time; clock-to-write 

enable hold time 

total harmonic distortion 

turn-off time 

turn-on time 

previous data hold time 

propagation delay time 

(high-to-low-level) 

propagation delay time 

(low-to-high-level) 

3-state propagation delay 
(output high-to-high 
impedance) 

3-state propagation delay 
(high impedance-to-ouput 
high) 

3-state propagation delay 
(output low-to-high 
impedance) 

3-state propagation delay 
(high impedance-to-output 
low) 

rise time 
read access time 
read cycle time 
chip-slect input rise time 
clock rise time 


‘R<2> 

‘rdh 

‘rdw 

‘RFC 

‘RFR 

‘rr 

‘rwc 


‘s 

‘STG 
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‘w 


‘wc 

‘WRH 

‘WRW 

‘WRS 
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V ABC 

V BB 

V BE 

V BE(sat) 


V (BR)CBO 

V (BR)CES 


V (BR)DI 

V (BR)R 

V (BR)EBO 

V (BR)GSSF 


V (BR)G1SSF 

V (BR)G2SSF 

V (BR)GSSR 

V (BR)G2SSR 

V CBO 

V CC 


V CEL 

V CEH 


VCO 

V CEO 

V CEO(sus) 


V 

V 

V 

V 


CIO 

CP 

CSL 

CSH 


input-pulse rise time 
read hold time 
read width effective time 
refresh cycle time 
refresh period time 
reverse recovery time 
read/modify/write cycle 
time 

setup time 
storage time 

transition time (high-to-low 
level) 

transition time (low-to-high 
level) 

pulse width 
write cycle time 
write hold time 
write width time 
write setup time 
write pulse width 
DC positive supply voltage 
DC negative supply voltage 
amplifier bias voltage 
substrate voltage 
base-to-emitter voltage 
base-to-emitter saturation 
voltage 

collector-to-base breakdown 
voltage 

collector-to-emitter break- 
down voltage 
dc breakdown voltage be- 
tween diode and substrate 
dc reverse breakdown voltage 
emitter-to-base breakdown 
voltage 

dc gate-to-source forward 
breakdown voltage, all other 
terminals shorted to source 
(single-gate types) 
dc gate-No.1 -to-source 
forward breakdown voltage, 
all other terminals shorted to 
source (dual-gate types) 
dc gate No.2-to-source forward 
breakdown voltage, all other 
terminals shorted to source 
(dual-gate types) 
dc gate-to-source reverse 
breakdown voltage, all 
other terminals shorted to 
source (single-gate types) 
dc gate-No.2-to-source 
reverse breakdown voltage, 
all other terminals shorted 
to source (dual-gate types) 
collector-to-base voltage 
drain supply voltage 
used as a second positive 
supply voltage. It is^Vpp 
and referenced to Vgg 
chip-enable input voltage, 
low level 

chip-enable input voltage, 
high level 

voltage controlled oscillator 
collector-to-emitter voltage 
collector-to-emitter 
sustaining voltage 
collector-to-substrate voltage 
charge pump voltage 
chip-select voltage, low level 
chip-select voltage, high level 


DD 


DG 


/ DG1 


'DG2 


/ DIO 

; DR 

/ DS 

/EE 


av f /at 


/ GH 


'GL 


'GS, 


v gs <th) 

V GS (Off) 


'G1S 


v G i S <o f f) 


'G2S 


'G2S 


(off) 


V l(Lim) 

V ICR 


'IL 

/|H 


|V 


1 °, 

I0 1 


AV |0 /AT 


AV| 0 /AT 

AV, 0 /AV+ 

AV|q/AV- 


aV 


10 


V i(Lim) 

'/knee 


'NL 


V NH 


drain supply voltage (tfie most 
positive supply voltage; 
always referenced to ground) 
drain-to-gate voltage (single- 
gate types) 

drain-to-gate-No.1 voltage 
(dual-gate types) 
drain-to-gate-No.2 voltage 
(single-gate types) 
diode-to-substrate voltage 
diode reverse voltage 
drain-to-source voltage 
source voltage (the most 
negative supply voltage in a 
3-supply voltage system) 
dc forward voltage 
temperature coefficient of 
forward voltage drop 
channel gate input voltage, 
high level 

channel gate input voltage, 
low level 

gate-to-source voltage 
gate-to-source threshold 
voltage 

gate-to-source cutoff voltage 
(single-gate types) 

gate-No.1 -to-source voltage 
(dual-gate type) 
gate-No.1 -to-source cutoff 
voltage (dual-gate types) 
gate-No.2-to-source voltage 
(dual-gate types) 
gate-No.2-to-source cutoff 
voltage (dual-gate types) 
input voltage 
input limiting voltage 
common-mode input voltage 
range 

input-voltage, low level 
input-voltage, high level 
input offset voltage 
magnitude of input offset 
voltage 

temperature coefficient of 
magnitude of input offset 
voltage 

temperature coefficient of 
input offset voltage drift 
positive input-offset-voltage 
sensitivity 

negative input-offset-voltage 
sensitivity 

average temperature 
coefficient of input-offset 
voltage 

input limiting voltage (knee) 
protective diode knee 
voltage (protected gate types) 
output noise voltage 
noise voltage, inputs low; 
the low-level dc input noise 
voltage. It is specified for 
the full range of voltage 
above Vgg for which the 
output logic does not change 
state. 

noise voltage, inputs high; 
the high level dc input noise 
voltage. It is specified for 
the full range of voltage 
below Vqq for which the 
output logic level does not 
change state. 
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Terms and Symbols (cont’d) 


\/ N M noise margin; the noise voltage 

that may be added between any 
output and input in a 
COS/MOS logic system. 

V|\|M l_ noise margin, inputs low; 

the noise voltage that may 
be added between any 
output and input in the 
low-logic state so that the 
resulting voltage (V QH mjn ) 
will be within the noise 
margin specifications. 
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V NMH noise margin, inputs high; 

the noise voltage that may 
be added between any 
input and output in the 
high logic state so that the 
resulting output voltage 
(Vql max^ within 

the noise margin speci- 
fications shown below 
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Vq output voltage 

aVq/aV- dc supply voltage sensitivity 

AV 0 MV" dc supply voltage sensitivity 

^O(rms) open-loop output voltage 

swing 

a Vq output voltage temperature 

coefficient 

^Op-p output voltage swing 

VQ( a f) recovered af voltage 
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output voltage, low level; 
the voltage level at an output 
when the input logic 
conditions have been set to 
establish logic LOW output, 
output offset voltage 
output voltage, high level; 
the voltage level at an output 
when the input logic conditions 
have been set to establish a 
logic HIGH output, 
maximum output voltage 
maximum output voltage 
charge pump voltage 
charge pump input voltage, 
low level 

charge-pump input voltage, 
high level 
reference voltage 
regulated supply voltage 
supply voltage rejection 
ratio 

input threshold voltage 
zener voltage 

magnitude of small-signal, 
common-source, short- 
circuit forward transfer 
admittance (transadmittance) 
small-signal, common-source, 
short-circuit, input-admittance 
(conductance, real part of 
admittance; susceptance, 
imaginary part of admittance) 
small-signal, common-source, 
short-circuit, output 
admittance 

magnitude of small-signal, 
common-source, short-circuit, 
reverse transadmittance 
phase angle of small-signal, 
common-source, short-circuit, 
reverse transadmittance 
angle of reverse trans- 
admittance, common-source 
circuit 

input impedance 
output impedance 
zener impedance 
phase angle 
phase margin 
efficiency 

open-loop phase lag 
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• Operational Transconductance Amplifier a Micropower Type * 8-lead DIP (MINI-DIP) package. 
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Core Memory Driver (High Speed) 









■ 

■ 












High Current Driver 









■ 

■ 












Features 

High Input Resistance 






















Balanced Input 






■ 

■ 

■ 



■ 

a 

■ 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

Balanced Output 






■ 

■ 

■ 



■ 




■ 

■ 

■ 

■ 

■ 

■ 

■ 

Low Noise 












a 

■ 


■ 







AGC Capability 


















■ 

■ 

■ 

■ 

Multiple Unit 















■ 

■ 

■ 

■ 

■ 

■ 

■ 

Wide Band 


















■ 

■ 

■ 

■ 

Package 

TYPE DESIGNATION SUFFIX L| 

ETT 

ER 

(See Note 1) | 

Flat Pack Ceramic 






















Dual In-Line Ceramic 
















■ 






Hermetic Gold CHIP (DIP) 









~cT 

"G 












Dual In-Line Plastic 




■ 

a 

■ 

E 

E 



■ 

E 

E 

E 



■ 





TO-5 Style Straight Lead 

■ 

■ 













■ 



■ 

■ 

T 

T 

TO-5 Style Formed Lead 






















Frit Seal Dual-ln-Line Ceramic 




F 

F 

F 
















Chip 

H 

H 


"TT 

H 

H 


TT 



H 



H 




TT 



TT" 

Gold Chip 









GHf 

GH 












Beam-Lead 


L 




L 





L 







L 





NOTE 1 : The indicated suffix letter identifies the package type for the device type number having a suffix letter; 


a black square is shown for a type number with no suffix letter. 
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J 



LINEAR INTEGRATED CIRCUITS 


Broadband (Video) and Differential Amplifiers, and 
AM/FM Communications Circuits 



Broadband (Video) 
Amplifiers 

Differential Amplifiers 

AM/FM Communications Circuits 



CA3002 

CM 

in 

CO 

r- 

< 

o 

CA3020 

< 

o 

CM 

O 

CO 

< 

o 

CA3021 

CM 

CM 

O 

CO 

< 

o 

CA3023 

CA3040t 

oooevo 

CA3001 • 

CA3004 

SOOSVD 

C A 3006 

CA3007 

to 

8 

CO 

< 

o 

< 

00 

© 

CO 

< 

a 

DO 

CO 

o 

CO 

< 

o 

<T> 

*fr 

O 

CO 

< 

o 

o 

in 

o 

CO 

< 

o 

T— 

in 

o 

co 

< 

Uj 

CO 

in 

o 

CO 

< 

(J 

<3- 

in 

o 

CO 

< 

o 

LLl 

CN 

O 

r— 

CO 

< 

o 

i 

< 

o 

CM 

f— 

o 

CO 

< 

u 

CA3013 

1“ 

o 

CO 

< 

o 

CO 

3 

CO 

< 

(J 

in 

o 

CO 

< 

o 

CO 

5 

CO 

< 

o 

s 

o 

CO 

< 

a 

05 

§ 

CO 

< 

CJ 

CA2111A 

CA3123 


Page 

No. 

CD 

I*". 

S 

o 

r- 

I-'* 

o 

T~ 

r— 

i— 

r- 

r* 

r— 

r" 

t— 

CO 

T— 

m- 

to 

r* 

00 

CO 

CO 

CO 

r- 

I— 

00 

r - 

CO 

r— 

t— 

in 

T - 

in 

in 

r- 

T 

in 

r- 

CO 

T— 

r- 

r~ 

in 

to 

q 

p*' 

05 

o 

O) 

05 

O 

05 

o 

r— 



CM 

05 

T— 

05 

T“ 

in 

CM 

p-* 

r 

CM 

CM 

r^- 

*— 

CM 

Applications 

Voltage Regulator 









■ 

■ 

■ 

■ 

■ 


■ 

■ 

■ 

a 





■ 












Comparator 



































Comparator — High Current Output 



































Control - Reiays, Heaters, LED's 
Lamps, etc. 



































Detector 

■ 










■ 

■ 

■ 


■ 



a 


a 






a 

a 

a 

a 


B 

B 

B 


Differential Amplifier 

■ 

■ 

■ 

■ 




■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 

■ 

a 


a 

a 



a 

a 

a 

a 

a 

a 

a 


B 

B 


Limiter 



■ 

■ 

■ 

■ 

■ 




■ 

■ 

■ 



■ 

■ 

a 



a 



a 

a 

a 

a 

■ 

a 

a 


B 

B 


Mixer 

■ 


■ 

■ 




a 

■ 

■ 

■ 

■ 

■ 


■ 



a 


a 














B 

Modulator 

■ 







■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 

■ 

a 


a 

a 














Multivibrator 









■ 

■ 





■ 





a 















Oscillator 



■ 

■ 





■ 







■ 

■ 

a 



a 













B 

Schmitt Trigger 

■ 







■ 

■ 

■ 





■ 

■ 

■ 

a 


a 

a 














Sense Amplifier 

■ 







■ 

■ 

■ 





■ 

■ 

■ 

a 


a 

a 



a 

a 










Switching 



■ 

■ 











■ 

■ 

■ 

a 


a 

a 














Thyristor & SCR Control 



































Freq. Doubler, Mult., Divide, 

Sq. Root, Squarer 



































Display Decoder-Driver 



































Timer 



































Features 

Balanced Input 

■ 


■ 

■ 




■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

a 

a 

a 

a 


a 

a 

a 

a 

a 

a 

a 

a 

a 


B 

B 


Balanced Output 



■ 

■ 




■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

a 

a 

a 

a 


a 

a 

a 

a 










Low Noise (1/f) 



































Regulated Power Supply 



■ 

■ 
























a 

a 

a 

B 

B 

B 

B 

Class B Output 



■ 

■ 































AGC Capability 

■ 

■ 



■ 

a 

Tl 

■ 

■ 

■ 

■ 

■ 

■ 



■ 

a 




a 










B 

B 


B 

Multiple Unit 















■ 



a 

a 

a 


a 

a 












Wide Band 

■ 

■ 

■ 




■ 

■ 


■ 

■ 

■ 

■ 


■ 

■ 

a 

a 




a 

a 

a 

a 

a 

a 

a 

a 

a 


B 

B 


Micropower 





■ 






























Decimal Pt. Output 



































Ripple Blanking 



































Package 

TV 

^pe Designation Suffix Letter (See Note 

1 

1 

Flat Pack (FP) 



































Dual-ln-Line Ceramic (DIG) 



















a 
















Dual-In-Line Plastic (DIP) 


E 


















a 


a 

E 






■ I 


E 

E 

E,Q 

E 

TO-5 

■ 


■ 

■ 

■ 

a 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

a 

T 



a 



a 

a 

a 

a 

a 


a 





Chip 

H 


H 




H 


H 

H 


H 



H 

H 


LL 




H 

H 


H 



H 

H 

JH 





Beam Lead 
















L 


L_ 




L 













Frit Seal 
















F 

_F_ 




F 








F 






TO-5 Style Dual-ln-Line (DIL-CAN) 
















S 

S 











i_ 









NOTE 1 ; The indicated suffix letter identifies the package type for the device type number having a suffix letter; a black square is shown for a 
type number with no suffix letter. 

• CA3001 is also useful as a Broadband (Video) Amplifier, 
t CA3040 is also useful as a Differential Amplifier, 
i In quad-in-line package (Q) 
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L 



LINEAR INTEGRATED CIRCUITS 


Power-Control and Voltage-Regulator Circuits, 
Analog Multiplier, and Computer-Interface Circuits 



Power Control 

Voltage 

Regula- 

tors 

Analog 

Multiplier 

Computer Inter- 
face Circuits 

General Purpose 

Thyristor 

Control 

Power 

Control 

Switch/ 

Ampl. 

Program- 

mable 

Compar- 

ator 

Timers 

Photo Det. 

Sense 

Ampl. 

Decoder 

Drivers 

Voltage Comparator 

Single 

Quad. 

CA3058 

CD 

in 

o 

CO 

< 

(J 

CA3079 

CA3097 

CA3094A 

CA3094B 

a 

o 

CO 

< 

o 

CO 

O) 

o 

CO 

< 

o 

CA3099 

CA555 

CA555C 

CA3062 

CA3085 

CA3085A 

CA3085B 

CA3091 

CA1541 

CD2500E 

LU 

O 

lO 

CM 

O 

O 

CD2502E 

CD2503E 

r— 

< 

o 

t— 

r“ 

CM 

< 

o 

CA311 

CA139 

CA139A 

CA239 

CA239A 

CA339 

CA339A 

Page 

No. 

T— 

to 

CO 

r- 

to 

T— 

3 

CM 

T— 

CO 

CM 

» — 
CO 
CM 

r— 

CO 

CM 

o 

8 

<3- 

to 

CM 

CM 

CM 

CM 

P*. 

CM 

o 

CM 

o 

<r* 

CM 

CM 

CM 

CM 

CD 

to 

318 

00 

co 

CO 

CO 

00 

p* 

CO 

o 

CO 

§ 

o 

co 

CO 

CO 

CO 

7^ 

CO 

CO 

CO 

Voltage Regulator 





■ 

■ 

■ 






■ 

■ 

■ 
















Comparator 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 








Sense Amplifier 





■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

Comparator — High Current Output 

■ 

■ 

■ 


■ 

■ 

■ 

■ 

■ 




■ 

■ 

■ 















Control - Relays, Heaters, 

LED's, Lamps, Etc. 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 





















Detector 

■ 

■ 

■ 









■ 




■ 














Differential Amplifier 

■ 

■ 

■ 


■ 

■ 

■ 

■ 

■ 





















Limiter 






























Mixer 





■ 

■ 

■ 









■ 














Modulator 





■ 

■ 

■ 

■ 

■ 

■ 

■ 





- ■ 














Multivibrator 




■ 

u 

■ 

■ 

■ 

■ 



• 









■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

Oscillator 

■ 

■ 

■ 

■ 

m 

■ 

■ 

■ 

■ 

■ 

■ 



















Schmitt T rigger 




■ 

m 

■ 

■ 

■ 

■ 












■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

Sense Amplifier 































Switching 

■ 

■ 

■ 


m 

■ 

■ 

■ 

■ ' 




■ 

















Thyristor & SCR Control 

. 

■ 

■ 

■ 

m 

■ 

■ 

■ 

■ 




■ 

■ 

■ 















Freq. Doubler, Mult., Divide, 

Sq. Root, Squarer 
















m 














Display Decoder-Driver 

















■ 

■ 

■ 

■ 










Timer 

a 

■ 

■ 

■ 

m 

■ 

■ 

■ 

■ 

■ 

■ 



















Balanced Input 





u 

■ 

■ 

■ 

■ 













■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

Balanced Output 












■ 


















Low Noise ( 1 /f) 





m 

■ 

■ 






■ 

■ 

■ 















Regulated Power Supply 

m 

■ 

■ 






■ 





















Class B Output 






























AGC Capability 





m 

■ 

■ 























Multiple Unit 
























■ 

■ 

■ 

■ 

■ 

■ 

Wide Band 






























Micropower 





■ 

■ 

■ 

■ 

■ 





















Decimal Pt. Output 


















■ 


■ 











Ripple Blanking 


















■ 


■ 











\ Iv 

pe De 

pgnation Suffix Letter (See Note 1) | 

Flat Pack (FP) 































Dual-ln-Line Ceramic (DIC) 

■ 















D 

D 














Hermetic Gold CHIP (DIP) 










G 

G 











G 

G 

G 

G 

G 

G 

G 

G 

G 

Dual-ln-Line Plastic (DIP) 


■ 

■ 

E 



E 

E 

E 

E* 



E* 





E 

E 

E 

E 



E* 

E 

E 

E 

E 

E 

E 

TO-5 





T 

T 

T 

T 


T 


■ 

■ 

■ 

■ 







T 

T 

T 







Chip 


H 


H 



H 

H 

H 

H 



H 



H 

H 







H 





H 


Gold Chip 











GH 













GH 





GH 


Beam Lead 













L 


















Frit Seal 































TO-5 Style Dual-ln-Line (DIL-CAN) 





_£] 

S 

S 

S 


S 



S 

S 








_S 

_S_ 

S 








NOTE 1 : The indicated suffix letter identifies the package type for the device type number having a suffix letter; a black square is shown for a 
type number with no suffix letter. 

* 8-lead DIP (MINI-DIP) package. 




LINEAR INTEGRATED CIRCUITS 


Consumer Circuits 



TV Receiver Circuits 

Remote Control 

Automatic 

Fine- 

Tuning(AFT) 

IF Systems 

Chroma Systems 

3 Package 

Luminance 

Processor 

"Jungle” 

Circuit 

Horizontal 

Systems 

Sound 

Pix 

2 Package 



CA3035 

CA3044 

CA3064 

CA3139 

CA3134 

o 

00 

< 

CA3042 

o 

£> 

D 

r> 

< 

J 

< 

CM 

< 

CJ 

CA270A,B,C 

CA3068 

CM 

LO 

00 

< 

o 

CA3066 

CA3067 

CA3070 

CM 

00 

< 

CJ 

CA3067 

CO 

CM 

r— 

00 

< 

(J 

CA1398 

CA3125 

CA3128 

r- 

00 

00 

< 

U 

CA3070 

CA3071 

CM 

1^* 

O 

00 

< 

o 

CA3170 

CA3143 

CA3120 

CM 

r— 

00 

< 

CJ 

< 

o 

CM 

CD 

< 

CJ 

CA3147 

Page 

No. 

CM 

r~ 

142 

175 

292 

288 

3 

r- 

rv 

CO 

r- 

r* 

r-* 

CM 

at 

CO 

CO 

CO 

r" 

CO 

180 

o 

00 

r- 

185 

o 

(D 

CM 

180 

r* 

CM 

r- 

cc 

273 

a > 
r- 

CM 

o 

s 

LO 

00 

T— 

LO 

00 

LO 

CO 

r- 

304 

300 

LO 

CO 

CM 

LO 

CO 

CM 

at 

LO 

302 

Circuit Functions 

Audio Driver 






■ 

■ 

■ 
























Audio Preamplifier 

■ 





■ 

■ 

■ 

■ 























ACC 













■ 



■ 


■ 

■ 


■ 

■ 

■ 

■ 


■ 






AFC/AFT 


■ 

■ 

■ 






■ 






















AFPC 


















■ 



■ 





■ 






AGC 










■ 

■ 

■ 
















■ 

■ 



Chroma Amplifier 













■ 



■ 


■ 

■ 


■ 

■ 


■ 








Chroma Demodulator 














J 


■ 

■ 



■ 


■ 



■ 







Chroma Processor: 













■ 



■ 


■ 

■ 




■ 

■ 


■ 






PAL Systems 





















■ 











Luminance Processor 



























■ 





Converter 
































Detector 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 











■ 

■ 



■ 






Video Amplifier 










■ 

■ 









■ 


■ 


■ 



■ 

■ 

■ 



Sync Processor 




























■ 

■ 

■ 


IF Amplifier 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 




















Limiter 


■ 



■ 

■ 

■ 

■ 

■ 























Oscillator 













■ 




■ 

■ 

■ 


■ 

■ 

■ 



■ 






Audio Power Amplifier 





■ 



























Tint Control 














■ 





■ 



■ 

■ 



■ 






Hor. Oscillator 






























~T 

■ 

Hor. Driver 












jz 


















■ 

■ 

Noise Gate 































■ 
































■ 

f Package 


^NATION SUFFIX LETTER (See Note 1)) | 

Dual-In-Line Plastic 


m 

■a 

■1 

E,EM 




E 



E 



■ 

E 



E 

rE 

IJ 

m 

B 

B 

D 

11 

MM 

£1 

El 

E 

H 

Quad In-Line Plastic 




Q 

QM 

■ 

■ 

■ 

Q 

W 

■ 


■ 

■ 



■ 

Q 



L 





_J 






TO-5 Standard Lead 

■ 

■ 






























TO-5 Formed Lead 

H 

m 

■ 






— 








■ 

■ 

■ 

■ 

■ 

■ 

■ 



J 

■ 

■1 

■1 

■ 



Note 1 : Where a code letter is shown (E, EM, Q, T, VI), add the code letter as a suffix to the type number to identify the package (and lead configura- 
tion) option. A black square indicates no suffix code is added to the type number for that package option. 


QM = Quad-in-line plastic with heat sink 
EM = Dual-in-line plastic with heat sink 
W = Modified Quad-in-line plastic 



i 






Package I Circuit Functions 










































Linear 1C Replacement Guide 


Advanced 

RCA 

Micro Devices 

Direct 

Type No. 

Replacement 

AM101AT 

CA101 AT 

AM101T 

CA101T 

AM201T 

CA201T 

AM301AT 

CA301 AT 

AM307T 

CA307T 

AM741CT 

CA741CT 

AM741T 

CA741T 

AM747CT 

CA747CT 

AM747T 

CA747T 

AM748CT 

CA748CT 

AM748T 

CA748T 

Analog 

RCA 

Devices 

Direct 

Type No. 

Replacement 

AD101AH 

CA101 AT 

AD201H 

CA201T 

AD301 AH 

CA301 AT 

AD741 

CA741T 

AD741C 

CA741CT 


Fairchild 

RCA 

Semiconductor 

Direct 

Type No. 

Replacement 

LM101 AD 

CA101 AG 

LM101AH 

CA101 AT 

LM101H 

CA101T 

LM107H 

CA107T 

LM108AH 

CA108AT 

LM108H 

CA108T 

LM111H 

CA111T 

LM139D 

CA139G 

LM201AD 

CA201 AG 

LM201AH 

CA201 AT 

LM201H 

CA201T 

LM207H 

CA207T 

LM208AH 

CA208AT 

LM208H 

CA208T 

LM301AD 

CA301AG 

LM301 AH 

CA301 AT 

LM301AN 

CA301 AG 
CA301 AE 

LM307H 

CA307T 

LM307N 

CA307G 

CA307E 

LM308AH 

CA308AT 

LM308H 

CA308T 

LM311H 

CA311T 

LM339D 

CA339G 

LM339N 

CA339G 

CA339E 

MA723HC 

CA723CT 

MA723HM 

CA723T 

741 DC 

CA741CG* 

CA741CE* 

741 DM 

CA741G* 

CA741E* 

741 HC 

CA741CT 

741 HM 

CA741T 

741 TC 

CA741CG 

CA741CE 

747 DC 

CA747CG 

CA747CE 


Fairchild 

RCA 

Semiconductor 

Direct 

Type No. 

Replacement 

747 DM 

CA747G 

CA747E 

747HC 

CA747CT 

747 HM 

CA747T 

748DC 

CA748CG* 

748DM 

CA748CG* 

748HC 

CA748CT 

748HM 

CA748T 

748TC 

CA748CG 

CA748CE 

MA758 

CA758E 

MCI 458P1 

CA1458G 

MC3401P 

CA3401G 

FPQ3724P 

CA3724G 

FPQ3725P 

CA3725G 

U5B774831 2 

CA748T 

U5B7748393 

CA748CT 

U5R772331 2 

CA723T 

U5R7723393 

CA723CT 

U6A7723393 

CA723CE 

U9T7558393 

CA1458G 


Intersil 

RCA Direct 

Type No. 

Replacement 

ICL-101-TY 

CA101T 

ICL-101 A-TY 

CA101 AT 

ICL-108-TY 

CA108T 

ICL-108A-TY 

CA108AT 

ICL-201-TY 

CA201T 

ICL-201 A-TY 

CA201AT 

ICL-208-TY 

CA208T 

ICL-208A-TY 

CA208AT 

ICL-301 A-PA 

CA301 AG* 
CA301AE* 

ICL-301 A-TY 

CA301 AT 

ICL-308-TY 

CA308T 

ICL-308A-TY 

CA$08AT 

ICL-723-TZ 

CA723T 

ICL-723C-TZ 

CA723CT 

ICL-741-TY 

CA741T 

ICL-741 C-TY 

CA741CT 

ICL-741-LNC 

CA741CG 

CA741CE 

ICL-748-TY 

CA748T 

ICL-748C-TY 

CA748CT 

ICL-8741-PA 

CA741G 

CA741E 

ICL-8741 C-PA 

CA741CG 

CA741CE 

ICL-8748-PA 

CA748G 

CA748E 

ICL-8748C-PA 

CA748CG* 

CA748CE* 

Motorola 

RCA 

Semiconductor 

Direct 

Type No. 

Replacemeni 

MLM101AG 

CA101AT 

MLM107G 

CA107T 

MLM111G 

CA111T 

MLM201AG 

CA201AT 

MLM207G 

CA207T 

MLM211G 

CA211T 


Motorola 

RCA 

Semiconductor 

Direct 

Type No. 

Replacement 

MC1310P 

CA13.10E 

MCI 31 1 P 

CA758E 

MC1352P 

CA1352E 

MC1357P 

CA2111AE 

MC1398P 

CA1398E 

MC1441L 

CA1541D 

MC1458G 

CA1458T 

MC1458C1 

CA1458G 

MC1458CP1 

CA1458G 

CA1458E 

MC1541L 

CA1541D 

MC1558G 

CA1558T 

MC1558L 

CA1558G 

MC1723CG 

CA723CT 

MC1723CH 

CA723CH 

MC1723G 

CA723T 

MC1741G 

CA741T 

MC1741CG 

CA741CT 

MC1741CL 

CA741CG 

MC1741CP1 

CA741CG 

CA741CE 

MC1741L 

CA741G 

MC1741P2 

CA741E* 

MC1741CP2 

CA741CE* 

MC1747CL 

CA747CG 

MC1747CP2 

CA747CG 

MCI 747 L 

CA747G 

MC1748G 

CA748T 

MC1748CG 

CA748CT 

MC1748CP1 

CA748CG 

MC3302P 

CA339AE 

MC3401P 

CA3401E 

MPQ3724P 

CA3724G 

MPQ3725P 

CA3725G 

National 

RCA 

Semiconductor 

Direct 

Type No. 

Replacement 

LM101AD 

CA101AG* 

LM101AH 

CA101AT 

LM101H 

CA101T 

LM107D 

CA107G* 

LM107H 

CA107T 

LM108AH 

CA108AT 

LM108H 

CA108T 

LM111H 

CA111T 

LM124D 

CA124G 

LM139AD 

CA139AG 

LM139D 

CA139G 

LM201AH 

CA201AT 

LM201AD 

CA201AG* 

LM201H 

CA201T 

LM207D 

CA207G* 

LM207H 

CA207T 

LM208AH 

CA208AT 

LM208H 

CA208T 

LM211H 

CA211T 

LM224D 

CA224G 

LM239AD 

CA239AG 

LM239D 

CA239G 

LM301AH 

CA301AT 

LM301AN 

CA301AG 

CA301AE 

LM307D 

CA307G* 


National 

RCA 

Semiconductor 

Direct 

Type No. 

Replacement 

LM307H 

CA307T 

LM307N 

CA307G 

CA307E 

LM308AH 

CA308AT 

LM308H 

CA308T 

LM311H 

CA311T 

LM324D 

CA324G 

LM324N 

CA324G 

CA324E 

LM339AD 

CA339AG 

LM339AN 

CA339AG 

CA339AE 

LM339D 

CA339G 

LM339N 

CA339G 

CA339E 

LM723CH 

CA723CT 

LM723H 

CA723T 

LM741CD 

CA741CG* 

LM741CH 

CA741CT 

LM741CN 

CA741CG* 

CA741CE* 

LM741D 

CA741G 

LM741H 

CA741T 

LM747CD 

CA747CG* 

LM747CH 

CA747CT 

LM747CN 

CA747CG* 

CA747CE* 

LM747D 

CA747G 

LM747H 

CA747T 

LM748H 

CA748T 

LM748CH 

CA748CT 

LM748CN 

CA748CG 

CA748CE 

LM1310N 

CA1310E 

LM1458H 

CA1458T 

LM1458N 

CA1458G 

CA1458E 

LM1558H 

CA1558T 

LM1800N 

CA758E 

LM2111 

CA2111AE 

LM2901 N 

CA339G 

DH3724CD 

CA3724G 

DH3724CN 

CA3724G 

DH3725CD 

CA3725G 

DH3725CN 

CA3725G 

LM3900N 

CA3401 G* 

Precision 

RCA 

Monolithic 

Direct 

Type No. 

Replacement 

SSS108AJ 

CA108AT 

SSS108J 

CA108T 

SSS208AJ 

CA208AT 

SSS208J 

CA208T 

SSS308AJ 

CA308AT 

SSS308J 

CA308T 


Raytheon 

RCA Direct 

Type No. 

Replacement 

LM101AH 

CA101AT 

LM101H 

CA101T 

LM107H 

CA107T 

LM108AH 

CA108AT 
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Linear 1C Replacement Guide (Con’t) 


Raytheon 
Type No. 

LM108H 

LM111H 

LM201AH 

LM201H 

LM207H 

LM211H 

LM301AH 

LM301AN 

LM307H 

LM307N 

LM308AH 

LM308H 

LM311H 

RC723T 

RM723T 

RC741DN 

RC741TE 

RM741TE 

RC748DN 

RC748TE 

RM748TE 

RC1458DN 

RC14587 

SP3724QD 

SP3725QD 

RM4558TE 

Silicon 

General 

Type No. 

SGI 01 AT 

SG101M 

SG101T 

SG107T 

SGI 08 AT 

SG108T 

SG1 1 1 T 

SG201AT 

SG201T 

SG207T 

SG208AT 

SG208T 

SG211T 

SG301AM 

SG301AT 

SG307M 

SG307T 

SG308AT 

SG308T 

SG311T 

SG339AN 

SG339N 

SG723CT 

SG723T 

SG741CM 


RCA Direct 
Replacement 

CA108T 

CA111T 

CA201AT 

CA201T 

CA207T 

CA211T 

CA301AT 

CA301AG 

CA301AE 

CA307T 

CA307G 

CA307E 

CA308AT 

CA308T 

CA311T 

CA723CT 

CA723T 

CA741CG* 

CA741CE* 

CA741CT 

CA741T 

CA748CG 

CA748CE 

CA748CT 

CA748T 

CA1458G 

CA1458E 

CA1458T 

CA3724G 

CA3725G 

CA1558T 

RCA 

Direct 

Replacement 

CA101 AT 

CA101S 

CA101T 

CA107T 

CA108AT 

CA108T 

CA111T 

CA201 AT 

CA201T 

CA207T 

CA208AT 

CA208T 

CA211T 

CA301AG* 

CA301AE* 

CA301 AT 

CA307G* 

CA307E* 

CA307T 

CA308AT 

CA308T 

CA311T 

CA339AG 

CA339AE 

CA339G 

CA339E 

CA723CT 

CA723T 

CA741CG 

CA741CE 


Silicon 

RCA 

Texas 

RCA 

General 

Direct 

Instruments 

Direct 

Type No. 

Replacement 

Type No. 

Replacement 

SG741CT 

CA741CT 

SN52101AJ 

CA101 AG* 

SG741M 

CA741 G* 

SN52101 AJA 

CA101AG* 

CA741 E* 

SN52101 AJP 

CA101AG 

SG741T 

CA741T 

SN52101 AL 

CA101AT 

SG747CT 

CA747CT 

SN52101 AN 

CA101AG* 

SG747T 

CA747T 

SN52101 AP 

CA101AG 


CA748CG* 

SN52101 L 

CA101T 

SG748CM 

CA748CE* 

SN52107JA 

CA107G* 

SG748CT 

CA748CT 

SN52107JP 

CA107G 

SG748M 

CA748G 

SN52107L 

CA107T 

CA748E 

SN52107N 

CA107G* 

SG748T 

CA748T 

SN52107P 

CA107G 

SG1458M 

CA1458G 

SN52108L 

CA108T 

CA1458E 

SN52108AL 

SN52558L 

SN52558JP 

CA108AT 

CA1558T 

CA1558G 

Signetics 

RCA Direct 


CA1558G 

Type No. 

Replacement 

SN52558P 

CA1558S 

LM101AH 

CA101AT 


CA1558E 

LM101H 

CA101T 

SN52741 J 

CA741 G* 

LM107H 

CA107T 

SN52741 JA 

CA741 G* 

LM201 AH 

CA201AT 

SN52741 JP 

CA741G 

LM201H 

CA201T 

SN52741 L 

CA741T 

LM301 AH 

CA301AT 

SN52741 N 

CA741G* 


CA301 AG 


CA741G 

LM301 AN 1 

CA301 AE 

SN52741P 

CA741S 

LM307H 

CA307T 


CA741E 

LM307N 

CA307G 

SN52747J 

CA747G 

CA307E 

SN52747JA 

CA747G 

MA723CL 

CA723CT 

SN52747 L 

CA747T 

M A723L 

CA723T 

SN52747N 

CA747G 

N5558T 

CA1458T 

SN52748L 

CA748T 

N5558V 

CA1458G 

SN52748J 

CA748G* 

CA1458E 

SN52748JA 

CA748G* 

N5741T 

CA741CT 

SN52748JP 

CA748G 

N5741V 

CA741CG* 

CA741CE* 

SN52748N 

CA748G* 

CA748G 

N5747A 

CA747CG" 

CA747CE" 

SN52748P 

CA748S* 

CA748E* 

N5748T 

CA748CT 

SN72301 AJ 

CA301 AG" 

N574SV 

CA748CG 

SN72301 AJA 

CA301 AG* 

CA748CE 

SN7 2301 AJP 

CA301 AG 

S5558T 

CA1558T 

SN72301 AL 

CA301 AT 

S5741T 

CA741T 

SN72301 AN 

CA301AG* 

S5748T 

CA748T 

SN72301 AP 

SN72307JA 

CA301 AG 
CA301AE 

CA307G* 

Solitron 

RCA Direct 

SN72307JP 

CA307G 

Type No. 

Replacement 

SN72307 L 

CA307T 

UC4741 

CA741T 

SN72307N 

CA307G* 

UC4741C 

CA741CT 

SN72307P 

CA307G 

CA307S 

CA307E 

Sprague 

RCA Direct 

SN72308AL 

CA308AT 

Type No. 

Replacement 

SN72308L 

CA308T 

ULN2111A 

CA2111AE 

SN72558JP 

CA1458G 

ULN2125A 

CA3120E 

SN72558L 

CA1458T 

ULN2269A 

CA3121E 

SN72558P 

CA1458G 

ULN2741 D 

CA741T 

CA1458E 

ULN2747A 

CA747CG" 

SN72741 J 

CA741 CG 

CA747CE" 

SN72741 JA 

CA741CG* 

ULS2741 D 

CA741CT 

SN72741 JP 

CA741CG 

ULX2210 

CA1310E 

SN72741 L 

CA741 CT 

U LX 2244 

CA758E 

SN72741 N 

CA741CG* 


Texas 

Instruments 
Type No. 

SN72741 P 

SN72747 

SN72747J 

SN72747JA 

SN72747N 

SN72748J 

SN72748JA 

SN72748JP 

SN72748L 

SN72748N 

SN72748P 

SN76115N 

SN76116N 

SN76650N 


RCA 

Direct 

Replacement 

CA741CG 

CA741CE* 

CA747CT 

CA747CG 

CA747CG 

CA747CG 

CA748CG* 

CA748CG* 

CA748CG 

CA748CG 

CA748CG* 

CA748CG 

CA748CE 

CA1310E 

CA758E 

CA1352E 


*Can be selected to replace LM3900N 

"Terminals 9 and 13 must be externally 

"Can be substituted for the correspondi 
14-lead dual-in-line type by inserting d 
vice into 14-pin socket (or board) so t h 
terminal No. 1 of the 8-lead RCA type 
coincides with socket (or board) termii 
No. 3 of the 14-lead type to be replace 



14-Lead Terminal Arrangement 
For Type to be Replaced 


Note: 

RCA types i n TO-5 packages are also su 
plied with dual-in-line formed leads ("D 
CAN" package) and are designated with 
suffix letter (S). These types are both pi 
and electrical direct replacements for th 
corresponding 8-lead "Mini-Dip" dual-ir 
line types. 
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LINEAR INTEGRATED CIRCUITS 


CA101, CA201 , CA301 Types 

Operational Amplifiers 

For Commercial, Industrial, and Military Applications 

RCA-CA101, CA101A, CA201, CA201A, CA1Q1 and CA201 , respectively, plus superior 

and CA301A are general-purpose, high-gain input-offset characteristics, and improved 

operational amplifiers for use in military, noise performance. 

industrial, and commercial applications. All types are available in hermetic gold-CHIP 

These types, which are externally phase dual-in-line plastic packages (G suffix), 8-lead 

compensated, permit a choice of operation TO-5 style packages with standard leads (T 

for optimum high-frequency performance at suffix), and with dual-in-line formed leads 

a selected gain; unity-gain compensation can ("DIL-CAN", S suffix). The CA301 A is also 

be obtained with a single 30-pF capacitor. available in the 8-lead dual-in-line plastic 

Types CA101A and CA201A have all the package ("MINI-DIP”, E suffix), and in chip 

desirable features and characteristics of the f° rm ^ suffix). 


Maximum Ratings, Absolute-Maximum Values at T 4 = 25°C 
DC SUPPLY VOLTAGE (between V + and V~ terminals) : 

CA101, CA101 A, CA201, CA201A 

CA301A 

DC INPUT VOLTAGE 

(For supply voltage less than ± 15 V, the 
Input Voltage rating is equal to the DC Supply Voltage) 

DIFFERENTIAL INPUT VOLTAGE 

OUTPUT SHORT-CIRCUIT DURATION ........ 

DEVICE DISSIPATION: 

Up to T a = 75°C 

Above T A = 75°C 

AMBIENT TEMPERATURE RANGE: 

Operating — 

CA1 01 , CA1 01 A 

CA201 A 

CA201 , CA301 A 

Storage (All types) 

LEAD TEMPERATURE (During Soldering): 

At a distance 1/16" ± 1 122" ( 1 .59 ± 0.79 mm) 

from case for 10 seconds max 


.... 44 V 

. . . . 36 V 

. . . . ±15 V 

.... ±30 V 

. Indefinite* 

. . . . 500 mW 

derate linearly at 6.67 mW/°C 


-55 to +125 °C 
-25 to +85 °C 
0 to +70 °C 
-65 to +150 °C 


+265 °C 


At T A < 70°C and T c < 1 25°C (CA101); 

T a < 75°C and T c < 1 25°C (CA1 01 A, CA201A); 
T a <55°CandT C < 70°C (CA201, CA301A). 



92CM-24 000 

Fig. 1 — Schematic diagram. 


"G" Suffix Types-Hermetic Gold-CHIP 
Dual-In-Line Plastic Package 
" E " Suffix Types— Standard Dual-ln-Line 
Plastic Package 

"T" and "S” Suffix Types— TO-5 Style Package 

Features: 

■ Short-circuit protection and latch-free 
operation 

■ Unity-gain phase compensation with a 
single 30-pF capacitor 

■ Replacement for industry types 101, 

101 A, 201, 201 A, 301 A 

Applications: 

■ Long-interval integrator 

■ Timers 

■ Sample and hold circuits 

■ Summing amplifiers 

■ Multivibrators 

■ Comparators 

■ Instrumentation 

■ AC/DC converters 

■ Inverting amplifiers 

■ Sine- & square-wave generators 

■ Capacitance multipliers & 
simulated inductors 







LINEAR INTEGRATED CIRCUITS 


CA101, CA201, CA301 Types 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

TEST CONDITIONS* 

LIMITS 

UNITS 

LIMITS 

UNITS 

Supply Voltage (V*) 

= 5 to 15 V 

CA101 

CA201 

CA101A 

CA201A 

CA301A 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input Offset Voltage 
VlO 

Ta=25°C 

Rs<10kn 

- 

1 

5 

- 

2 

7.5 

mV 

- 

- 

- 

- 

- 

- 

mV 

RS^50kH 

— 

- 

— 

— 

— ■ 

— 

— 

0.7 

2 

— 

2 

7.5 

RS<10kS2 

- 

- 

6 

- 

- 

10 

- 

_ 

- 

— 

- 

— 

R s <50kn 

- 

- 

- 

- 

- 

- 

- 

- 

3 

- 

- 

10 

Average Temperature 
Coefficient of Input 
Offset Voltage aVjo 

Rs<10kH 

- 

6 

- 

- 

10 

- 

pV/°C 

- 

- 

- 

- 

— 

- 

AtV/° C 

RS<5012 

- 

3 

- 

- 

6 

- 

- 

- 

- 

- 

- 

- 


- 

- 

- 

- 

- 

- 

- 

3 

15 

- 

6 

30 

Average Temperature 
Coefficient of Input 
Offset Current 

allO 

-55°C to +25°C 

- 

- 

- 

- 

- 

- 

nA/°C 

- 

0.02 

0.2 

- 

— 

- 

nA/°C 

0°C to +25°C 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.02 

0.6 

+25°C to +70°C 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.01 

0.3 

+25°C to +1 25°C 

- 

- 

- 

- 

- 

- 

— 

0.01 

0.1 

- 

— 

— 

Input Offset Current 

Iio 

Ta=OQC 

- 

- 

- 

- 

150 

750 

nA 

- 

- 

- 

- 

- 

- 

nA 

TA=25 0 C 

- 

40 

200 

- 

100 

500 

- 

1.5 

10 

- 

3 

50 

Ta=70°C 

- 

- 

- 

- 

50 

400 

- 

- 

- 

- 

- 

- 

Ta=125°C 

- 

10 

200 

- 

- 

- 

- 

- 

- 

- 

- 

- 


- 

- 

- 

- 

- 

- 

- 

- 

20 

- 

- 

70 

T A =-55°C 

- 

100 

500 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Input Bias Current 

IlB 

TA=-55 0 C 

- 

0.28 

1.5 

- 

- 

- 

pA 

- 

- 

- 

- 

- 

- 

U A 

t a =o°c 

- 

- 

- 

- 

0.32 

2 

- 

- 

- 


- 

- 

T A =25°C 

- 

0.12 

0.5 

- 

0.25 

1.5 


0.03 

0.075 

- 

0.07 

0.25 


_ 

- 

- 

- 

- 

- 

- 

- 

0.1 

- 

— 

0.3 

Supply Current 

I± 

Ta=25°C 

V±=15V 

- 

- 

- 

- 

- 

- 

mA 

- 

- 

- 

— 

1.8 

3 

mA 

V ± =20V 

- 

1.8 

3 

- 

1.8 

3 

- 

1.8 

3 

- 

- 

- 

Ta=125°C V±=20V 

- 

12 

2.5 

- 

- 

- 

- 

1.2 

2.5 

- 

- 

- 

Open-Loop Differen- 
tial Voltage Gain 

Aol 

Ta=25°C V±=15V 

Vo= ± 10V R L >2k n 

50 

160 

- 

20 

150 

- 

V/mV 

50 

160 

- 

25 

160 

- 

V/mV 

V±=1 5V 
Vo =± 10V R|_>2k n 

25 


- 

15 

~~ 

- 

25 

- 

- 

15 

- 

- 

Input Resistance Rj 

Ta=25°C 

0.3 

0.8 

- 

o.i 1 

0,4 

- 

MQ 

1.5 

4 

- 

0.5 

2 

- 

MU 

Output Voltage 

Swing Vqpp 

V±=15V R L =10k« 

±12 

±14 

- 

±12 

±14 

- 

V 

±12 

±14 

- 

±12 

±14 

- 

V 

V^ISV R i_=2kS2 

±10 

±13 

- 

±10 

±13 

- 

±10 

±13 

- 

±10 

±13 

- 

Common-Mode 

Input-Voltage 

Range ^ICR 

V±=15V 

±12 

- 

- 

±12 

- 

- 

V 

- 

- 

- 

±12 

— 

- 

V 

V±=20V 

- 


- 

- 

- 

- 

±15 

- 

- 

- 

- 

- 

Common-Mode 
Rejection Ratio 

CMRR 

RS<10kn 

70 

90 

- 

65 

90 

- 

dB 

- 

- 

- 

- 

- 

- 

dB 

R$<50kn 

- 

- 

- 

- 

- 

- 

80 

96 

- 

70 

90 

- 

Supply-Voltage 
Rejection Ratio 

PSRR 

RS<10kH 

70 

90 

- 

70 

90 

- 

dB 

- 

- 

- 

- 

- 

- 

dB 

RS<50kH 

- 

- 

- 

- 

- 

- 

| 80 

96 

- 

70 

90 

- 


A Characteristics applicable over operating temperature range (T/\) as shown below, unless otherwise specified: 
CA101 , CA101A: -55 to +125°C; CA201A: -25 to +85°C; CA201 , CA301 A: 0 to 70°C 



CA101 

CA201 

CA101A 

CA201A 

CA301A 


Max. Vjo 1 

Max. .,0 ( IX 

5 

7.5 

2 

2 

7.5 

mV 

200 

500 

10 

10 

50 

nA 

Min. Aol j 

50 

20 

50 

50 

25 

V/mV 

T/\ Range 

—55 to 

0 to 

—55 to 

-25 to 

0 to 

°C 

(Operating) 

+125 

+70 

+125 

+85 

+70 

Slew Rate 
(Summing ampl.) 

- 

- 

10 

10 

10 

V//us 





LINEAR INTEGRATED CIRCUITS 

CA101, CA201, CA301 Types 

Type CA101 

I r 


TYPICAL STATIC CHARACTERISTICS 


ft- ■T r -¥l-:-=-- -T.'Th 


Types CA101, CA101A, and CA201A 



MBIENT TEMPERATURE (T A >— *C 


Fig. 3 — Input current (IjQ, I/b) vs - temperature. 
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SUPPLY VOLTAGE (V 1 )— V 

92CS- 24002 

Fig. 4 — Input bias current vs. supply voltage. 
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AMBIENT TEMPERATURE (T A ) — C 

92C$- 23986 

Fig. 5 — Input current (I iq, I/q) vs. temperature 
(CA IOTA and CA201A only). 



FREQUENCY (*) — Hi 


Fig. 12 — Closed-loop output impedance ys. frequency. Fig. 13 — Voltage gain and phase lag vs. frequency. Fig. 14 — Output voltage swing vs. frequency 











LINEAR INTEGRATED CIRCUITS 


CA101, CA201, CA301 Types 


Two-Pole Compensation 



FREQUENCY (<>— Hz 


•2CS-240I4 


Fig. 15 — Supply voltage rejection ratio vs. frequency. 



Fig. 16 — Test circuit employing two-pole 
compensation. 



Fig. 17 — Voltage follower pulse response. 


Feed-Forward Compensation 



FREQUENCY (U— Hz 

92CS- 24017 



Fig. 18 — Voltage gain and phase lag vs. frequency. 


Fig. 19 — Output voltage swing vs. frequency. 


C2 



Fig. 20 — Test circuit employing 

feedforward compensation. 



Fig. 21 — Inverter pulse response. 


CA101A AND CA201A 



92CS-23994 

Fig. 24 — l/f noise voltage vs. frequency. 



92CS-2402I 

Fig. 22 — Voltage gain and phase lag vs. frequency. 



92CS-239M 

Fig. 25 — l/f noise current vs. frequency. 



92CS-24022 

Fig. 23 — Output voltage swing vs. frequency. 



Fig. 26 — Common-mode rejection ratio vs. frequency. 
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LINEAR INTEGRATED CIRCUITS 


CA107, CA207, CA307 Types 
Operational Amplifiers 

For Military, Industrial, and Commercial Applications 


RCA-CA107, CA207, CA307 are general- 
purpose operational amplifiers intended for 
use in military, industrial, and commer- 
cial applications. A 30-pF on-chip capacitor 
provides internal frequency compensation. 
Low input current over temperature range 
(100 nA max.) for the CA107 and CA207 
make these types especially well suited for 
applications such as long interval timers and 
sample-and-hold circuits. 

All types are available in hermetic gold-CHIP 
dual-in-line plastic packages (G suffix), 8-lead 


TO-5 style packages with standard leads (T 
suffix), and with dual-in-line formed leads 
("DIL-CAN", S suffix). The CA307 is also 
available in the 8-lead dual-in-line plastic 
package (“MINI-DIP", E suffix), and in chip 
form (H suffix). 

The CA107, CA207, and CA307 are direct 
replacements for industry types 107, 207, 
and 307 in packages with similar terminal 
arrangements. 


^^Feature 

Type 

Max. Vjq 
(mV) 

Max. Ijq 
(nA) 

Max. Ijb 
( nA) 

Temp. 
Range (T A ) 
°C 

Package 

(Suffix) 

CA107 

3 

20 

100 

-55 to +125 

G, S, T 

CA207 

3 

20 

100 

-25 to +85* 

G, S, T 

CA307 

10 

70 

300 

0 to +70* 

G, E, S, T 


*Types CA207G, S, and T can be operated over the temperature range of —55 to +1 25°C, although the 
published limits for certain electrical specifications apply only over the temp, range of —25 to +85 C. 
A Types CA307G, E, S,and T can be operated over the temperature range of —55 to +1 25°C, although the 
published limits for certain electrical specifications apply only over the temp, range of 0 to 70 C. 





O 
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92CM-23983 



Fig. 1 — Schematic diagram of CA 107, CA207, and CA307. 


"G" Suffix Types— Hermetic Gold-CHIP in 
Dual-In- Line Plastic Package 
"E" Suffix Types-Standard Dual-1 n-Line 
Plastic Package 

"T"and "S" Suffix Types— TO-5 Style Package 

Applications: 

■ Long-interval integrators 

■ Timers 

■ Sample-and-hold circuits 

■ Summing amplifiers 

■ Multivibrators 



92CS-2398I 

Functional diagram for plastic package. 
NO 



TOP VIEW 92C5 - 2 3982 

Functional diagram for TO-5 style packages. 



Fig. 2 — Supply current vs. supply voltage. 



92CS -23985 

Fig. 3 — Open -loop differential voltage gain vs. 
supply voltage. 
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LINEAR INTEGRATED CIRCUITS 


CA107, CA207, CA307 Types 


Maximum Ratings, Absolute-Maximum Values at T ^ = 25° C: 


DC SUPPLY VOLTAGE (Between V + and V” Terminals): 

CA107, CA207 44 V 

CA307 36 V 

DC INPUT VOLTAGE ±15 V 

(For supply voltages less than ±15 V, the absolute maximum input voltage is equal 
to the supply voltage) 

DIFFERENTIAL INPUT VOLTAGE ±30 V 

OUTPUT SHORT-CIRCUIT DURATION* Indefinite 

DEVICE DISSIPATION UP TO T A = 70°C 500 mW 

Above T A = 70°C Derate linearly at 6.67 mW/ C 

AMBIENT TEMPERATURE RANGE: 

Operating — CA107 — 55°C to +125 C 

CA207 — 25°C to +85°C A 

CA307 0°C to +70°C t 

Storage — All Types — 65°C to +1 50 C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/1 6 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 seconds max +265 C 


*For type CA307 continuous short circuit is allowed for Case Temperature to +70°C and ambient temperature 
to +55 C. 

A Types CA207G, S. and T can be operated over the temperature range of —55 to +1 25 C.although the published 
limits for certain electrical specifications apply only over the temperature range of —25 to +85 C. 

^Types CA307G, E, S, and T can be operated over the temperature range of —55 to +1 25°C, although the pub- 
lished limits for certain electrical specifications apply only over the temperature range of 0 to 70 C. 



Fig. 4 — Input offset and input bias currents vs. 
ambient temperature. 



92C$- 239*7 


Fig. 5 — Output voltage swing vs. output current. 



92CS- 239*6 

Fig. 6 — 1 /f noise current vs. frequency. 



Fig. 9 — Input offset and input bias current vs. 
ambient temperature. 



Fig. 7 — Supply current vs. supply voltage. 



Fig. 10 — Output voltage swing vs. output current. 
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Fig. 8 - Open -loop differential voltage gain vs. 
supply voltage. 



Fig. 11 — 1 /f noise current vs. frequency. 




LINEAR INTEGRATED CIRCUITS 


CA107, CA207, CA307 Types 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS* 

LIMITS 

UNITS 

Supply Voltage (V±) = 

5 V to 1 5 V (CA307) 

5 V to 20 V (CA1 07.CA207) 

CA107 

CA207 

CA307 


Typ. 

^2 


Typ. 

Max. 

Input Offset Voltage, 
v IO 

T A = 25°C, R s <50kH 

- 

0.7 

2 

- 

2 

B9 

mV 

R s < 50 kn 

- 

- 

3 

- 

- 

10 

Average Temperature 
Coefficient of Input 
Offset Voltage, 

a V| 0 


- 

3 

15 

- 

6 

30 

mv/°c 

Input Offset Current, 

*10 


- 

- 

20 

- 

- 

70 

nA 

T a = 25° C 

- 

1.5 

10 

- 

3 

50 

Average Temperature 
Coefficient of Input 
Offset Current, 

al IO 

See Note 1 


0.01 

0.1 


0.01 

0.3 

nA/°C 

See Note 2 

- 

0.02 

0.2 

- 

0.02 

0.6 

Input Bias Current, 

! ib 


- 

- 

100 

- 

- 

300 

nA 

T a = 25° C 

- 

30 

75 

- 

70 

250 

Supply Current, 

l± 

T A = +1 25° C. Vi = 20 V 

- 

1.2 

2.5 

- 

- 

- 

mA 

I A = 25°C, V± = 20 V, 
(CA307 V ±= 15 V) 

- 

1.8 

3 

- 

1.8 

3 

Open-Loop Differential 
Voltage Gain, 

a ol 

V± = 15 V, 

V o = ±10V,R L 3>2kS2 

25 

- 

- 

15 

- 

- 

V/ mV 

V- = 15 V, V 0 = ±10 V 
R L >2kn.T A = 25°C 

50 

160 

- 

25 

160 

- 

Input Resistance, 

R i 

T a = 25° C 

1.5 

4 

- 

0.5 

2 

- 

MO 

Output Voltage Swing, 
v 0PP 

V ± = 15V,R|_-10kn 

±12 

±14 

- 

±12 

±14 

- 

V 

V ± = 15V,R L = 2kn 

±10 

±13 

- 

±10 

±13 

- 

Input Voltage Range, 
V ICR 

V± = 20 V, 

(CA307 V± = 15 V) 

±15 

- 

- 

±12 

- 

- 

V 

Common-Mode 

Rejection Ratio, 

CMRR 

R s <50k 12 

80 

96 


70 

90 

- 

dB 

Supply-Voltage 

Rejection Ratio, 

PSRR 

R s < 50 kn 

80 

96 

- 

70 

96 

- 

dB 


Note 1 : For CA1 07, +25, to +1 25°C; For CA207, +25 to +85°C: For CA307. +25 to 70°C. 

Note 2: For CA107, -55 to +25°C; For CA207, -25 to +25°C: For CA307, 0 to +25°C. 

A Characteristics applicable over operating temperature range as shown below unless otherwise specified. 
CA107 - T A = -55 to +1 25°C 

CA207 - T a = -25 to +85°C 
CA307 - T a = 0 to 70°C 



FREQUENCY (f)— Hz 92CS-Z3994 

Fig. 12 — 1 /f noise voltage vs. frequency. 



FREQUENCY (f) — Hz 92CS-23995 

Fig. 13 — Open -loop differential voltage gain vs. 
frequency. 
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LINEAR INTEGRATED CIRCUITS 


CA108, CA208, CA308 Types 


i 


Precision Operational Amplifiers 

For Military, Industrial, and Commercial Applications 


Applications: 

■ Instrumentation 

■ Summing amplifier 

■ Comparator 


RCA-CA108T, CA108AT, CA108S, CA108AS, CA208T, 
CA208AT, CA208S, CA208AS, CA308T, CA308AT, CA308S, 
and CA308AS are uncompensated precision operational ampli- 
fiers using super-beta transistors and feature very low offset 
parameters, high input impedance, and defined drift rates with 
temperature change. 

In addition to low drift, these super-beta op-amps have 
input currents sufficiently low to insure low drift, even when 
using high source resistances, e.g., 10 megohms. 


■ Multivibrators 

■ Band-pass filters 

■ Sample and hold 

Features: 

■ Maximum input bias current — 2 nA for CA108 & CA208 series 

7 nA for CA308 series 

a Maximum input offset current — 0.2 nA for CA108 & CA208 series 
1 nA for CA308 series 

■ Supply current of only 300 juA, even in saturation 

■ Maximum input offset voltage of 0.5 mV for "A" suffix types 



FUNCTIONAL DIAGRAM 


These devices have sufficient supply rejection to operate from 
unregulated power supplies within a range of ±2 V to ±20 V, 
and the input bias current is specifically controlled for use in 
sample-and hold applications. 

The "A” versions have all the desirable features and charac- 
teristics of their prototypes plus exceptionally low input 
offset voltage characteristics. The CA108, CA108A, CA208, 
CA208A, CA308, and CA308A are direct replacements for 
industry types 108,108A,208,208A,308,308A. and they are 
supplied in either standard 8-lead TO-5 packages or in 8-lead 
TO-5 packages with dual-in-line formed leads ("DIL-CAN"). 


ELECTRICAL CHARACTERISTICS, 
MAXIMUM VALUES AT T A = 25°C 

CA108T 

CA108S 

CA108AT 

CA108AS 

CA208T 

CA208S 

CA208AT 

CA208AS 

CA308T 

CA308S 

CA308AT 

CA308AS 

Input Offset Voltage (Vjq) 

2 mV 

0.5 mV 

2 mV 

0.5 mV 

7.5 mV 

0.5 mV 

Input Offset Current (Ijq) 

0.2 nA 

1 nA 

Input Bias Current (l|g) 

2 nA 

7 nA 

Average Temperature Coefficient 
of Input Offset Voltage (AVjq/AT) 

15 #iV/°C 

5 

15 /A//°C 

5/A//°C 

30 mW°C 

5 pV/°C 

Ambient Operating- 
Temperature Range 

-55 to +125°C 

-25 to +85°C 

0 to +70°C 



Fig. 1 — Schematic diagram. 



92CS-2H32 



Maximum Ratings, Absolute-Maximum Values at T/\ = 25°C: 
DC Supply Voltage (Between V + and V” Terminals): 


CA108, CA108A, CA208, CA208A 40 V 

CA308 , C A308 A 36 V 

DC Input Voltage ±15 V 

(For supply voltages less than ± 15 V, the absolute 
maximum input voltage is equal to the supply voltage) 

Differential Input Current ±10 mA 

Output Short-Circuit Duration Indefinite 

Device Dissipation 500 mW 

Ambient Temperature Range: 

Operating - CA108. CA108A -55°C to +125°C 

CA208, CA208A -25°C to +85°C 

C A308 , C A308 A 0°C to +70°C 

Storage - All Types -65°C to + 1 50°C 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case 

for 10 seconds max. +300 °C 


Rl R2 



C5* 



Fig. 3— Alternate frequency-compensation. 


Fig. 4 - Sample-and-hold circuit. 


Fig. 5 — Fast * 


summing amplifier circuit. 
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LINEAR INTEGRATED CIRCUITS 


CA108, CA208, CA308 Types 

ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 


FIG. 

No. 

Supply Voltage (V) = ±5 V 
to ±15 V 

CA108 

CA208 

CA108A 

CA208A 

CA308 

CA308A 

UNITS 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min 

Typ. 

Max. 

Input Offset Voltage 

VlO 

6.7 

Ta = 25°C 

- 

0.7 

2 

- 

0.3 

0.5 

_ 

2 

7.5 

- 

0.3 

0.5 


Note 1 

- 

- 

3 

- 

- 

1 

- 

- 

10 

- 

- 

0.73 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 

AV,o 

AT 


Note 1 

- 

3 

15 

- 

1 

5 

- 

6 

30 

- 

1 

5 

/iV/°C 

Input Offset Current 

*1 0 

8,9 

Note 1 

- 

- 

0.4 

- 

- 

0.4 

- 

_ 

1.5 

- 

- 

1.5 


Ta = 25°C 

- 

0.05 

0.2 

- 

0.05 

0.2 

- 

0.2 

1 

- 

0.2 

1 

nA 

Average Temperature 
Coefficient of Input 
Offset Current 

1° 


Note 1 

- 

0.5 

2.5 


0.5 

2.5 

- 

2 

10 

- 

2 

10 

pA/°C 

Input Bias Current 

>IB 

10, 

11 

Note 1 

- 

- 

3 

- 

- 

3 

_ 

_ 

10 

_ 

_ 

10 

nA 

T A = 25°C 

- 

0.8 

2 


0.8 

2 

- 

1.5 

7 

- 

1.5 

7 

Supply Current 

>0 

12. 

13 

T A = +125°C 

- 

0.15 

0.4 

- 

0.15 

0.4 

- 

- 

- 

- 

- 

- 

mA 

T A = 25°C 

- 

0.3 

0.6 

- 

0.3 

0.6 

- 

0.3 

0.8 

- 

0.3 

0.8 

Large-Signal Voltage 
Gain 

A V 

2,14 

15 

V = ±1 5 V , Ta = 25°C 

Vo = ±10 V, R L >10kS2 

50 

300 

- 

80 

300 

- 

25 

300 


80 

300 

- 

V/mV 

V = ±15 V, Vq = ±10 V 

Rj_ >10 kO , Note 1 

25 

- 

- 

40 

- 

- 

15 



- 

- 

60 

- 

- 

Input Resistance 

R| 


T A = 25°C 

30 

70 

- 

30 

70 

- 

10 

40 

- 

10 

40 

- 

MS2 

Output Voltage 

v 0 

16, 

17 

V = ±15 V. Rj, = 10 ki2 , 
Note 1 

±13 

±14 

- 

±13 

±14 

- 

±13 

±14 

- 

±13 

±14 

- 

V 

Input Voltage Range 

V| 


V = ±15 V, Note 1 

±13.5 

- 

- 

±13.5 

- 

- 

±14 

- 

- 

±14 

- 

- 

Common-Mode Re- 
jection Ratio 

CMRR 


Note 1 

85 

100 

- 

96 

110 

- 

80 

100 

- 

96 

110 

- 

dB 

Supply-Voltage Re- 
jection Ratio 

Vrr 


Note 1 

80 

96 

- 

96 

110 

- 

80 

96 

- 

96 

110 

- 


Note 1: Ambient Temperature (T A ) over 


applicable operating temperature range as 
shown below unless otherwise specified. 
CA108 CA208 CA308 

CA108A CA208A CA308A 

-55 to +125°C -25 to +85°C 0to+70°C 



92CS-2II34 

Fig 6 - Input offset error for CA108, CA 108 A, CA208, 
and CA208A. 



INPUT RESISTANCE (Rj) — O 

92CS-2H3S 

Fig. 7 — Input offset error for CA308 and CA308A. 
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Fig. 8 - Input offset current vs. temperature for CA 108, 
CA108A, CA208, and CA208A. 
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Fig. 9 — Input offset current vs. temperature for CA308 
and CA308A. 
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Fig 10 - Input bias current vs. temperature for CA108, 
CA 108 A. CA208, and CA208A. 
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AMBIENT TEMPERATURE <T A ) — *C 

92CS2II39 

Fig. 11 — Input bias current vs. temperature for CA308 and 
CA308A. 



92CS-2II40 

Fig 12 - Supply current vs. supply voltage for CA 108. 

CA 108 A, CA208, and CA208A. 



Fig 13 - Supply current vs. supply voltage for CA308 
CA308A. 






LINEAR INTEGRATED CIRCUITS 


CA108, CA208, CA308 Types 




Fig 14 — Voltage gain vs. supply voltage for CA 108, CA 108A, Fig. 15 — Voltage gain vs. supply voltage for CA308 and 

CA208, and CA208A. CA308A. 



Fig 16 - Output voltage vs. output current for CA 108, 
CA108A, CA208. and CA208A. 



Fig. 17 — Output voltage vs. output current for CA308 
and CA308A. 



Fig. 18 - Voltage- follower pulse response for all types. 



Fig. 19 — Closed-loop output impedance for all types. 
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92CS-2II48 



92CS- 21149 



Fig. 20 - Input noise voltage for all types. 


Fig. 21 — Power-supply rejection for all types. 


Fig. 22 - Open-loop frequency response for all types. 



Fig. 23 - Large-signal frequency response for all types. 



INPUT RESISTANCE (R X ) — ft 

92CS-2U53 

Fig 24 — Drift error vs. input resistance for CA 108, CA 108A, 
CA208, and CA208A. 



92C S - 2 II 5 2 

Fig 25 — Drift error vs. input resistance for CA308 and 
CA308A. 
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LINEAR INTEGRATED CIRCUITS 


CA111, CA211, CA311 Types 

Voltage Comparators 

For Commercial and Industrial Applications 

"G" Suffix Types— Hermetic Gold-CHIP in 
Dual- In- Line Plastic Package 
"E" Suffix Types— Standard DuaMn-Line 
Plastic Package 

"T" and "S" Suffix Types— TO-5 Style Package 

Applications 

■ Multivibrators 

■ Positive and negative peak detectors 

■ Crystal oscillators 

■ Zero-crossing detectors 

■ Solenoid, relay, and lamp drivers 


Features 

■ Single- or dual-supply operation 

■ Power consumption — 135 mW at ±15 V 

■ Strobe capability 

■ Low input-offset current: 

CA111, CA211 — 4 nA(typ.) 

CA311 -6nA(typ.) 

■ Differential input-voltage range — ±30 V 

■ Directly interchangeable with National 

Semiconductor LM111, LM211, and 
LM311 Series types 


The RCA-CA1 11, CA211, and CA311 are 
monolithic voltage comparators that operate 
from dual supplies up to ±15 V, or from 
single supplies down to 5 V. This single- 
supply capability makes the outputs of these 
devices compatible with RTL, DTL, TTL, 
and MOS circuits. In addition, they can drive 
lamps or relays, and switch voltages up to 
50 V (CA311, 40 V) at currents as high as 
50 mA. 

The inputs and the outputs of the CA111, 
CA211, and CA311 can be isolated from 
system ground, allowing the output to 
drive loads referred to ground, V + , or V - . 

All types are available in hermetic gold-CHIP 
dual-in-line plastic packages (G suffix), 8- 
lead TO-5 style packages with standard leads 
(T suffix), and with dual-in-line formed leads 
("DIL-CAN", S suffix). The CA311 is also 
available in the 8-lead dual-in-line plastic 
package ("MINI- DIP", E suffix), and in chip 
form (H suffix). 


v+ 

TAB 



Functional diagram for TO-5 style package. 



INPUT OFFSET/ 
STROBE 


*-©H 


(T) INPUT OFFSET 


92CS-27473 

Functional diagram for plastic package. 


^'\Feature 
Type \ 

Max. V, 0 
(mV) 

Max. 1 |o 
(nA) 

Max. I|q 
( nA) 

Temp. 
Range (Ta) 

°c 

Package 

(Suffix) 

CA111 

3 

10 

100 

-55 to +125 

G,S,T 

CA211 

3 

10 

100 

-25 to +85 a 

g,s,t 

CA311 

7.5 

50 

250 

0 to +70 1 

g,e,s,t 


MAXIMUM RATINGS, Absolute Maximum Values at T A =25°C 


DC SUPPLY VOLTAGE (between V + and V - terminals) 38 V 

DC INPUT VOLTAGE* ±15 V 

DIFFERENTIAL INPUT VOLTAGE . ±30 V 

OUTPUT TO NEGATIVE SUPPLY VOLTAGE (V ? ^): 

CA1 1 1 , CA21 1 50 V 

CA311 40 V 

GROUND TO NEGATIVE SUPPLY VOLTAGE (V 14 ). . 30 V 

OUTPUT SHORT-CIRCUIT DURATION 10 s 

DEVICE DISSIPATION: 

Up to T a = 25°C 500 mW 

Above T a = 25°C derate linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating: 

CA111 —55 to +125°C 

CA211 -25to+85°cA 

CA311 0 to +70°C ^ 

Storage, all types —65 to +150 °C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 in. (1.59 ±0.79 mm) 

o 

from case for 10 seconds max +265 C 


*This rating applies for ±15 V supplies. The positive input -voltage limit is 30 V above the negative supply. 
The negative input-voltage limit is equal to the negative supply voltage or 30 V below the positive supply. 
The negative input-voltage limit is equal to the negative supply voltage or 30 V below the positive supply, 
whichever is less. 


A Types CA211G,S, and T can be operated over the temperature range of —55 to +125°C, 
although the published limits for certain electrical specifications apply only over the temper- 
ature range of —25 to +85°C. 

t Types CA311G,E,S and T can be operated over the temperature range of —55 to +125°C, 
although the published limits for certain electrical specifications apply only over the temper- 
ature range of 0 to 70°C. 
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SUPPLY VOLTAGE (V + )— V 

92CS-242 

Fig. 7 — Supply current vs. supply voltage. 
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AMBIENT TEMPERATURE (T A )— -C 

92CS-24387 

Fig. 8 — Input bias current vs. ambient 
temperature. 
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Fig. 9 — Input offset current vs. ambient 
temperature. 
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LINEAR INTEGRATED CIRCUITS 


CA111, CA211, CA311 Types 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

TEST CONDITIONS 

LIMITS 

UNITS 

SUPPLY VOLTAGE (V*) = 15 V 
UNLESS OTHERWISE SPECIFIED 

CA111 

CA211 

CA311 

TYP. 

MAX. 

TYP. 

MAX. 

Input Offset 

Voltage, Vjq 

R s < 5 k £2 , Note 2 

;t a =25°c 

0.7 

3 

2 

7.5 

mV 

Note 1 

- 

4 

- 

10 

Saturation Voltage 

Vj = —5 mV, l Q = 50 mA 
(For CA31 1 , V | <-10 mV) 

T A =25°C 

0.75 

1.5 

- 

- 

V 

V + >4.5 V, V”=0, V, < -6 mV, 

^INK ^ 8 mA 

(For CA31 1 , Vj < -10 mV) 

Note 1 

0.23 

0.4 

- 


Input Voltage 

Range, V|pp 


Note 1 

±14 

- 

±14 

- 

V 

Input Offset 

Current, 1 jq 

Note 2 

T a = 25°C 

4 

10 

6 

50 

nA 

Note 1 

- 

20 

- 

70 

Input Bias 

Current, I|b 

Note 2 

T A =25°C 

60 

100 

100 

250 

nA 

Note 1 

- 

150 

- 

300 

Positive Supply 
Current, l + 


T A = 25°C 

5.1 

6 

5.1 

7.5 

mA 

Negative Supply 
Current, l~ 


T A =25°C 

4.1 

5 

4.1 

5 

mA 

Output Leakage 
Current 

V|>5 mV, V 0 = 35V 
(For CA311,V,>-10mV) 

T a =25°C 

0.2 

10 

- 

_ 

nA 

Note 1 

0.1 

0.5 

- 

- 

A*A 

Strobe On Current 


T a =25°C 

3 

- 

3 

- 

mA 

Voltage Gain, A 


T a =25°C 

200 

- 

200 

- 

V/mV 

Response Time 

100 mV Input Step with 

5 mV overdrive voltage 

T a =25°C 

200 

- 

200 

- 

ns 


Note 1 : Ambient temperature (T A ) over applicable operating temperature range as shown 
below. 

CA111 CA211 CA311 

-55 to +1 25°C -25 to +85°C 0 to +70°C 

Note 2: The input offset characteristics given are the values required to drive the output to 
within 1 V of either supply with a 1-mA load. These characteristics define an error 
band which takes into account the worst-case effects of voltage gain and input 
impedance. The input offset voltage, input offset current, and input bias current 
specifications apply for any supply voltage from a 5 V single supply up to a ±1 5 V 
dual supply. 


TYPICAL CHARACTER ISTICS — CA1 1 1 , 
CA211 (CONT'D) 




Fig. 11 — Common-mode voltage range limits 


vs. ambient temperature. 



Fig. 12 — Transfer function. 
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9209-24392 


Fig. 13 — Output saturation voltage vs. 
output current 



Fig. 14 — Supply current vs. ambient 
temperature. 



92CS-24394 

Fig. 15 — Input and output leakage current 
vs. ambient temperature. 
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CA111, CA211, CA311 Types 


LINEAR INTEGRATED CIRCUITS 


lo °8 AMBIENT TEMPERATURE <T A ) • 25 *C 

6 v ’io mV io + r s i io 

> 4 [- 





INPUT RESISTANCE (Rj) — Q, 


Fig. 16 — Offset error. 


TYPICAL CHARACTERISTICS - CA311 
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AMBIENT TEMPERATURE (T A )~ 


Fig. 17 — Input bias current vs. ambient 
temperature. 
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AMBIENT TEMPERATURE (T A ) — **C 

92CS-243 

Fig. 18 — Input offset current vs. ambient 
temperature. 



DIFFERENTIAL INPUT VOLTAGE (Vio)~V 

9ZCS-24398 

Fig. 19 - Input characteristics. 
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AMBIENT TEMPERATURE (T A ) — *C 
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Fig. 20. — Common-mode voltage range limits vs. 
ambient temperature. 
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Fig. 21 — Transfer function. 
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OUTPUT CURRENT (Io) — mA 
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Fig. 22 — Output saturation voltage vs. 
output current. 
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AMBIENT TEMPERATURE (T A ) — *C 

92CS- 24402 

Fig. 23 — Supply current vs. ambient 
temperature. 
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AMBIENT TEMPERATURE (T A ) — *C 
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Fig. 24 — Input and output leakage current 
vs. ambient temperature. 
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Fig. 25 — Offset error. 



LINEAR INTEGRATED CIRCUITS 


CA124, CA224, CA324 Types 
Quad Operational Amplifiers 

For Commercial, Industrial, and Military Applications 


The RCA-CA124, -CA224, and -CA324 con- 
sist of four independent, high-gain opera- 
tional amplifiers on a single monolithic 
substrate. An on-chip capacitor in each of the 
amplifiers provides frequency compensation 
for unity gain. These devices are designed 
specifically to operate from either single or 
dual supplies, and the differential voltage 
range is equal to the power-supply voltage. 
Low power drain and an input common- 
mode voltage range of from 0 V to V + —1 .5 V 


(single-supply operation) make the CA124, 
CA224, and CA324 suitable for battery 
operation. 

The CA124, CA224, and CA324 are supplied 
in a 14-lead dual-in-line plastic package (E 
suffix), or in a hermetic gold-chip 14-lead 
dual-in-line plastic package (G suffix) to pro- 
vide true hermetic performance. The CA324 
is also available in chip form (H suffix), and 
as a hermetic gold-chip (HG suffix). 


"E" Suffix Types: Standard Dual-ln-Line 
Plastic Package 

"G" Suffix Types: Hermetic Gold-Chip 
Dual-ln-Line Plastic Package 

Features: 

■ Operation from single or dual supplies 

■ Unity-gain bandwidth . ..... 1 MHz (typ.) 

■ DC voltage gain 100 dB (typ.) 

■ Input bias current 45 n A (typ.) 

■ Input offset voltage ....... 2 mV (typ.) 

■ Input offset current 5 nA (typ.) 

for CA224, CA324 
3 nA (typ.) for CA124 

■ Replacement for industry types 124, 224, 324 


MAXIMUM RATINGS, Absolute-Maximum Values at = 25°C 

SUPPLY VOLTAGE 

DIFFERENTIAL INPUT VOLTAGE 

INPUT VOLTAGE 

INPUT CURRENT (V, <-0.3 V) f 

OUTPUT SHORT CIRCUIT TO GROUND 

(V + <15V)* 

DEVICE DISSIPATION: 

Up to T a = 55°C 

Above T a = 55°C 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ±0.79 mm) 

from case for 10 seconds max 


32 V or ±16 V 
±32 V 
-0.3 V to +32 V 
50 mA 


Continuous 

. . 750 mW 

derate linearly at 6.67 mW/°C 

. . —55 to +125°C 

. . —65 to +150°C 


+265°C 


*The maximum output current is approximately 40 mA independent of the magnitude of V + . Continuous 
short circuits at V + >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V + can cause overheating and eventual destruction of the device. 

tThis input current will only exist when the voltage at any of the input leads is driven negative. This current 
is due to the collector-base junction of the input p-n-p transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral n-p-n parasitic transistor 
action on the 1C chip. This transistor action can cause the output voltages of the amplifiers to go to the 
V + voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. 
This transistor action is not destructive and normal output states will re-establish when the input voltage, 
which was negative, again returns to a value greater than —0.3 V dc. 


Applications 

■ Summing amplifiers 

■ Multivibrators 

■ Oscillators 

■ Transducer amplifiers 

■ DC gain blocks 



© 



Fig. 2— Schematic diagram— one of four operational amplifiers. 
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CA124, CA224, CA324 Types 


LINEAR INTEGRATED CIRCUITS 


ELECTRICAL CHARACTERISTICS (Values apply for each operational amplifier) 



TEST CONDITIONS 

CA124 

LIMITS 

CA224, CA324 
LIMITS 

UNITS 

CHARACTERISTIC 

Supply Voltage (V + ) = 5 V 
Unless Otherwise Specified 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

T a = 25°C 

Input Offset Voltage, Vjq 

Note 3 

- 

2 

5 

- 

2 

7 

mV 

Output Voltage Swing, VQpp 

R L = 2 kft 

0 

- 

V+-1.5 

0 

- 

V+-1.5 

V 

Input Common-Mode 

Voltage Range, V|Qg 

Note 2, V + =30 V 

0 

- 

V + — 1.5 

0 

- 

V+-1.5 

V 

Input Offset Current, l|Q 

'i + -T 

- 

3 

30 

- 

5 

50 

nA 

Input Bias Current, 1 |g 

!| + or 1 1 — , Note 1 

- 

45 

150 

- 

45 

250 

nA 

Output Current (Source), Iq 

V| + =+1 V, V|-=0 V, 

V + =15 V 

20 

40 

- 

20 

40 

- 

mA 

Output Current (Sink), Iq 

V| + =0 V,V|-=1 V,V + =15 V 

10 

20 

- 

10 

20 

— 

m A 

V| + =0 V,V|-=1 V, 

Vq= 200 mV 

12 

50 

- 

12 

50 

- 

H A 

Large-Signal Voltage Gain, A 

R L >2 k£2,V + =15 V 
(For large Vq swing) 

94 

100 

- 

88 

100 

- 

dB 

Common-Mode Rejection Ratio, 
CMRR 

DC 

70 

85 

- 

65 

70 

- 

dB 

Power Supply Rejection Ratio, 
PSRR 

DC 

65 

100 

- 

65 

100 

- 

dB 

Amplifier-to-Amplifier 

Coupling 

f=1 to 20 kHz (Input re- 
ferred) 

- 

-120 

- 

_ 

-120 

- 

dB 



T A = —55 to +125°C 

T A =-40 to +85°C (CA224), 

T A = 0 to 70°C (CA324) 

Input Offset Voltage, Vjq 

Note 3 


- 

7 

- 

- 

9 

mV 

Temperature Coefficient of 

Input Offset Voltage, a VjQ 

R s = 0 

- 

7 

- 


7 

- 

/tV/°C 

Input Offset Current, l|Q 


- 

- 

100 

- 

- 

150 

nA 

Temperature Coefficient of 

Input Offset Current, a l |0 


- 

10 

- 

- 

10 

- 

pA/°C 

Input Bias Current, Ijg 

!| + or I,- 


- 

300 

- 

- 

500 

nA 

Supply Current, l + 

Rl = 00 On All Ampl. 


0.8 

2 

- 

0.8 

2 

mA 

Input Common-Mode 

Voltage Range, V|Qg 

V + = 30 V 

0 

- 

V+-2 

0 

- 

V + — 2 

V 

Large-Signal Voltage Gain, A 

R L >2 kfi,V + =15 V 
(For large Vq swing) 

88 

- 

~ 

83 

— 

— 

dB 

Output Voltage Swing: 

High-Level, Vq^ 

R L =2kUV + =30 V 

26 

_ 

_ 

26 

— 

— 

v 

R L =10 kf2 

27 

28 

- 

27 

28 

- 


Low-Level, Vq|_ 

R L =10 kJ2 

- 

5 

20 

- 

5 

20 

mV 

Output Current: 

Source, Iq 

V=i v DC .vr=o, 

V + =15 V 

10 

20 

- 

10 

20 

- 

mA 

Sink, Iq 

V|-=1 V DC ,V, + =0. 

V + =15 V 

5 

8 

- 

5 

8 

- 

mA 

Differential Input Voltage 

Note 2 

- 

- 

v + 

- 

- 

v+ 

V 


NOTE 1 : Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading 
change exists on the input lines because this current is essentially constant, independent of 
the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go 
negative by more than 0.3 V. The positive limit of the common-mode voltage range is 
V + — 1 .5 V, but either or both inputs can go to +32 V without damage. 

NOTE 3: Vq = 1 .4 Vqq, R s = 0 12 with V + from 5 V to 30 V; and over the full input common- 
mode voltage range (0 V to V + — 1 .5 V) . 


I 
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AMBIENT TEMPERATURE (T A 1- 


SUPPLY VOLTAGE (V+J-V 


SUPPLY VOLTAGE (V+J-V 


Fig. 6— Output current vs. ambient temperature. 


Fig. 7— Input current vs. supply voltage. 


Fig. 8— Voltage gain vs. supply voltage. 
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Fig. 9— Open-loop frequency response. 


Fig. 10— Voltage follower pulse response 
(small signal). 


Fig. 11— Voltage follower pulse response. 
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LINEAR INTEGRATED CIRCUITS 


CA139, CA239, CA339 Types 

Quad Voltage Comparators 


For Industrial, Commercial, and Military Applications 


The RCA-CA1 39, -CA239, -CA339, -CA1 39A, 
-CA239A, and -CA339A types consist of four 
independent single- or dual-supply voltage 
comparators on a single monolithic substrate. 
The common-mode input voltage range in- 
cludes ground even when operated from a 
single supply, and the low power supply cur- 
rent drain makes these comparators suitable 
for battery operation. These types were de- 
signed to directly interface with TTL and 
and CMOS. 


Types CA139A, CA239A, and CA339A 
have all the features and characteristics of 
their prototype counter parts CA139, CA239, 
and CA339 plus an even lower input-offset- 
voltage characteristic. These devices are sup- 
plied in a 14-lead dual-in-line plastic package 
(E suffix), or in a 14-lead dual-in-line plastic 
package with a hermetic chip (G suffix), to 
provide true hermetic performance. The 
CA339 is also available in chip form (H 
suffix), and as a hermetic chip (HG suffix). 


MAXIMUM RATI NGS, Absolute-Maximum Values at T A =25°C: 


DC SUPPLY VOLTAGE 

DC DIFFERENTIAL INPUT VOLTAGE 

INPUT VOLTAGE 

INPUT CURRENT (V, < -0.3 V)* 

OUTPUT SHORT CIRCUIT TO GROUND* 

(Single Supply) 

DEVICE DISSIPATION: 

Up to T A = 55°C 

Above T a = 55°C 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1 .59 ± 0.79 mm) 
from case for 10 seconds max 


36 V or ±18 V 
±36 V 
-0.3 V to +36 V 
50 mA 


Continuous 
750 mW 

derate linearly at 6.67 mW/°C 

-55 to +125°C 
-65 to +150°C 


+265°C 


* Inputs must not go more negative than -0.3 V. 

^Short circuits from the output to V + can cause excessive heating and eventual destruction. 
The maximum output current independent of V + is approximately 20 mA. 


V + 



92CM-24I50RI 


Fig. 1 — Schematic diagram . 


"E" Suffix Types: Standard DuaMn-Line 
Plastic Package 

"G" Suffix Types: Hermetic Gold-Chip 
Dual-1 n-Line Plastic Package 

Features: 

■ Operation from single or dual supplies 

■ Common-mode input-voltage range to ground 

■ Output voltage compatible with TTL, DTL, 
ECL, MOS, and CMOS 

■ Differential input-voltage range equal to the 
supply voltage 

■ Maximum input-offset voltage (Vjq): 

CA139A, CA239A, CA339A - 2 mV 
CA139, CA239, CA339 - 5 mV 

■ Replacement fpr industry types 139, 239 
339, 139A, 239A, and 339A 

Applications: 

* Square-wave generators 

■ Time-delay generators 

■ Pulse generators 

■ Multivibrators 

■ High-voltage digital logic gates 

■ A/D converters 

■ MOS clock timers 


OUTPUT 2 © 
OUTPUT I (|> 

V + ®— I 

NEG. INPUT I @- 
POS. INPUT I ©- 
NEG. INPUT 2 (D 
POS. INPUT 2 ®- 




A 


®-4 
1 


2\ /3 
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© OUTPUT 3 
■©OUTPUT 4 

| ©GROUND 

■©POS. INPUT 4 
-©NEG. INPUT 4 
9) POS. INPUT 3 
©NEG. INPUT 3 


Fig. 2 —Functional diagram. 


TYPICAL CHARACTERISTICS 
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Fig. 3— Supply current vs. supply voltage. 




LINEAR INTEGRATED CIRCUITS 


CA139, CA239, CA339 Types 


ELECTRICAL CHARACTERISTICS 



TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

V+-5 V 

Unless otherwise 

indicated 

CA139 

CA139A 

UNITS 


Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Input Offset 

Voltage (V 1Q ) 

At Output Switch 
Point V =5 1 .4 V 

Vref = 

1.4 V,R s = 0 

25°C 

- 

2 

5 

- 

1 

2 

mV 

Note 1 

- 

- 

9 

- 

- 

4 

Differential Input 
Voltage (V JD ) 

Keep all inputs >0 V 
for V - (If used), 
Notes 1. 2 

- 

- 

36 

- 


36 

V 

Saturation Voltage 

V," = 1 V, 
V, + = 0 V, 

25°C 

_ 

250 

500 

- 

250 

500 


<V s a.) 

•sink < 

4 mA 

Note 1 


- 

700 

- 

- 

700 

mV 

Common-Mode 

Input Voltage 

Range (V, CR ) 

Note 3 

25°C 

0 

_ 

V+-1.5 

o 


V + -1.5 


Note 1 

0 

- 

V + — 2 

0 

- 

V + — 2 

V 

Input Offset 

Current ( 1 jq) 
CA139, CA139A 


25°C 


3 

25 


3 

25 


CA239, CA239A 
CA339, CA339A 

i« + -T 


5 

50 

- 

5 

50 

nA 

CA139, CA139A 



- 

- 

100 

- 

- 

100 


CA239, CA239A 
CA339, CA339A 


Note 1 

- 

- 

150 

- 

- 

150 


Input Bias Current 

I'lB* 

CA139. CA139A 


25°C 


25 

100 


25 

100 


CA239, CA239A 
CA339, CA339A 

I| or 1 1 
with Output 

- 

25 

250 

- 

25 

250 

nA 

CA139, CA139A 

Range 


- 

- 

300 

- 

- 

300 


CA239, CA239A 
CA339, CA339A 


Note 1 

- 

i 

400 

- 

- 

400 


Supply Current (l + ) 

R L = 00 on all com 
parators, T A = 25°C 

- 

0 8 

2 

- 

08 

2 

mA 

Output Leakage 
Current 

V, + V. 

V, - = 0, 

V 0 = 5 V 

25°C 

- 

0.1 

- 

- : 

0.1 

- 

nA 

V, + >1 V. 
V,~ =0. 

V 0 = 30 V 

Note 1 

- 

- 

1 

- 

- 


pA 

Output Sink 

Current 

V,~ >\ V, 

v, + = o. 

Vg <+1.5 V, 

T A = 25°C 

6 

16 

- 

6 

16 

- 

mA 

Voltage Gain (Aqj_) 

R L >15kJ2,V 
T a = 25°C 

+ =15 V, 

- 

200 

- 

50 

200 

- 

V/m V 

Large Signal 

Response Time 

V, = TTL Logic 

Swing, V REF = 

+ 1.4 V,V RL = 50 V, 
R l = 5.1 kft, 

T a = 25°C 

- 

300 

- 

- 

300 

- 

ns 

Response Time 

See Figs. 5 & 6 

V R L = 5 V, 

R l = 5.1 kfi. 

T a = 25°C 

- 

1.3 

- 

- 

1.3 

- 

A« 


Note 1 : Ambient Temperature (T A ) applicable over operating temperature range as shown below. 

^*1? ® (-55 to + 1 25 °C) { JS tQ +8 5 0 C) I C * 3 j? (0 to >70°C) 

CA139A I CA239A | CA339A 

Note 2: The comparator will provide a proper output state even if the positive swing of the inputs exceeds 
the power supply voltage level, if the other input remains within the common-mode voltage range. 
The low input voltage state must not be Ian than -0.3 V (or 0.3 V below the magnitude of the 
negative power supply, if used). 

Note 3: The upper end of the common-mode voltage range is (V*) - 15 V. but either or both inputs can 
go to +30 V without damage. 


TYPICAL CHARACTERISTICS (Cont'd) 



92CS-24I52RI 

Fig. 4— Input current vs. supply voltage. 



TIME (t)— M $ 

92CS-24I53 

Fig. 5— Response time for various input 
o verdri ves —negati ve transi tion. 



TIME in — ** 
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Fig. 6— Response time for various input 
o verdri ves—posi ti ve transi tion . 



Fig. 7— Output saturation voltage vs. output sink 
current. 
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LINEAR INTEGRATED CIRCUITS 


CA270 Types 


TV Synchronous Demodulators 

For Color and Black-and White TV Systems 


The RCA-CA270AW, CA270BW, and CA- 
270CW are integrated circuits which perform 
the functions of synchronous detection of 
the TV if, video amplification and buffering, 
and noise inversion on dual -polarity wave- 
forms. These devices also offer age and afe 
facilities for use with n-p-n transistor if ampli- 
fiers and tuners. Both positive and negative 
polarities of video output are available. This 
feature provides great flexibility by permitting 
the designer to use either output for deriving 
the video and sound channels. 

The RCA-CA270 series is pin-compatible and 
electrically similar to the industry series 
TCA270, but incorporates several improved 
features. In particular, improved white noise 


inversion and sync inversion systems force 
overshoots in the video waveform to be 
returned to accurately defined potentials. 
This design effectively removes dependence 
on both the degree of overshoot and tempera- 
ture variations. In addition, reduced current 
consumption assures lower over-all power 
dissipation, thereby improving reliability. 

The three types are electrically identical in 
most parameters. The CA27QB has the most 
stringent limits on white level, videp in- 
version, and afe dc offset. The CA270C has 
the least stringent limits on white level and 
video inversion, and no afe limits. 

The CA270 series is supplied in a 16-lead 
staggered quad -in-line plastic package ("W" 
suffix). 


Features: 

■ Synchronous detector with single tuned coil 

■ Provides rf and if age (forward) 

■ Tuner afe available with single quadrature coil 

■ Dual-polarity noise inverters 

■ Video amplifier 

■ Positive- and negative-polarity buffered video 

■ Differential if input 

■ Optional use of gating pulse 

■ Low-voltage, single-polarity power supply 


IF IN 
IF IN 

V + (SUPPLY) 
A6C (TUNER) 
AGC (IF) 

AGC (FILTER) 
GATE (NEG.) 
N.C. 


TOP VIEW 92CS-26935 



r (GND) 

I — DEMOD. COIL 
I — DEMOD. COIL 
AFC COIL 
| — AFC COIL 
AFC OUTPUT 

1 -VIDEO OUTPUT 

OR + SYNC 
" + VIDEO OUTPUT 


Terminal assignment. 



v T 


DETECTOR 

TUNING 


(3) - 


AMPLIFIER 

LIMITER 


SYNCHRONOUS 

DEMODULATOR 


VIDEO PROCESSOR 
AND 

NOISE INVERTER 





AFC 

DETECTOR 


AGC 

PROCESSOR 


VIDEO 

OUTPUTS 

I A 

(9) + VIDEO 
V$) -VIDEO 

Tv 

AGC OUTPUTS 
I TUNER 



Xgate PULSE 
^ INPUT 


Q + 12 V 


AFC _ 

OUTPUT - 

'SIT” 0 ™ER TJ-LPoPTiONAL, 

ONLY) 


TUNER RF STAGE 


Fig. 1— Functional block diagram of CA270AW, CA270BW, and CA270CW 
TV synchronous demodulator. 


MAXIMUM RATINGS, 

Absolute-Maximum Values at T A =25°C: 

DC SUPPLY VOLTAGE(Between Terminals 3 
and 16 for 10 s max., with current limited 

to 100 mA) 18 V 

DEVICE DISSIPATION: 

Up to T a = 55°C 750 mW 

Above T^ = 55°C . . . derate linearly 7.9 mW/°C 
OPERATING TEMPERATURE RANGE 

—40 to +55°C 

STORAGE TEMPERATURE RANGE 

-65 to +150°C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16" ±1/32" (1.59 ±0.79 mm) 
from case for 10 s max +265°C 




92CS— 26928 

Fig. 2— Supply-current test circuit. 


Q + 12 V 


IF CONTROL STAGE 


d>H i cjU 


O OPTIONAL LINE GATING 

o 




T 1 

r > 

r \ 

|| , 

56 pF 


II ' 
0.6 pF 

0.6 pF 

47 pF 

HH 

Hh 


* 



s 


DEMOD. 

TANK 

CIRCUIT 


AFC 

QUAD. 

CIRCUIT 



I 


*L1 = L2 = 7 turns 26 swg tna wire 

as 0.3 uh; Q (unloaded) = 125 
Coil O.D. = 0.220" (5.6 mm) 

Fraq. - 38.9 MHz 

*CA270CW is not specified for AFC. 

Fig. 3— Typical application circuit for CA270AW and CA270BW. 
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LINEAR INTEGRATED CIRCUITS 


CA270 Types 


V + (CA270AW AND 

12 V I kft 50 kft CA270BW ONLY) 



ELECTRICAL CHARACTERISTICS at T A = 25 °C, Supply Voltage (V + ) = 12 V # 
and Referenced to Test Circuit (Fig. 4 ). 


CHARACTERISTIC 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Voltage, V + 

V+=12 V 

10.2 

12 

13.8 

V 

Supply Current, l + 

(See Fig. 2) 

V + =12 V 

22 

40 

56 

mA 

Video Characteristics: 







DC Output Voltage, 


CA270AW 

5.7 

6 

6.3 


Term.9 (See Fig. 5) 

Zero Signal 

CA270BW 

5.8 

6 

6.2 

V 



CA270CW 

5.5 

6 

6.5 


DC Output Voltage, 


CA270AW 

5.6 

6 

6.4 


Term. 10 (See Fig. 5) 

Zero Signal 

CA270BW 

5.7 

6 

6.3 

V 



CA270CW 

5.5 

6 

6.5 


Sync Tip Output 

Output=AGC thres- 


- 

3 

- 

V 

Voltage, Term.9 

hold (non-gated) 






AC Input Voltage, 

Input for output= 


50 

70 

100 

mV 

Terms. 1,2 

AGC threshold 






Input Res. , Term. 1 


- 

3.3 

- 

Kfi 

Input Res., Term. 2 


- 

3.3 

- 

Kft 

Video Bandwidth, 
Term.9 

At output = —3 dB 

— 

5 

— 

MHz 

Differential Gain 

See Note 1 

- 

- 

10 

% 

Differential Phase 

See Note 1 

- 

- 

10 

deg 

Inter mod. Products: 







Beat Freq.,1.6 MHz 

See Note 1 (95% sat. 


- 

- 

-60 

dB 

Beat Freq.,2.8 MHz 

blue colour bar) 


- 

- 

-67 

dB 

Rejection at Carrier 

F=Video Carrier;V jjyj 


-40 

- 

- 

dB 

Freq., Terms. 9, 10,1 1 

for Term.9(dc)=3.7V 






Rejection, Twice Carrier 

F=2X Video Carrier; 


-40 

- 

- 

dB 

Freq., Terms. 9,10,1 1 

V | jsj for Term.9(dc) 
=3.7 V 






AGC Characteristics: 







Sat. Voltage, Term.4 

Zero Sig.; I4 = 10 mA 


- 

- 

0.3 

V 

Sat. Voltage, Term. 5 

Zero Sig.; I5 = 10 mA 

0.7 

- 

1.2 

V 


lAWWWW 



3 V 

(2.7 V GATED) 


VIO 

V9 


TIME — alS 


92CS 26931 


Fig. 5— Typical waveforms for video outputs. 



Fig. 6- Typical AFC characteristic. 



92CS-26933 


Fig. 7— Typical AGC characteristics. 
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Fig. 8— Typical transfer characteristics. 






CA270 Types 

ELECTRICAL CHARACTERISTICS at T A = 25°C, Supply Voltage (V + ) = 12 V, (Cont'd) 
and Referenced to Test Circuit (Fig. 4). 


CHARACTERISTIC 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Breakdown Voltage, 
Terms. 4,5 

I 4 or 15=1 mA (sink) 

14 

— 

— 

V 

Control Current, 

Terms. 4,5 


10 

— 

— 

mA 

Current Ratio I 4 /I 5 

I 5 = 1 mA 

6 

- 

- 


Input Signal Increase 

AGC from threshold 


- 

- 

0.5 

dB 

with resp. to AGC 
Threshold (See Fig.7) 

to max. 






AGC Gating Pulse Input, 

Pulse voltage=V + to 0; 


2 

- 

v+ 

V 

Term. 7 (optional) 

See Note 2 






Input Res., Term. 7 


- 

1.8 

- 


AFC Characteristics: 







(See Fig. 6 ) 


CA270AW 

10 

- 

- 


Output Voltage, 

f = f 0 ± 0.2 MHz 

CA270BW 

10 

_ 

- 

Vp 

Term. 1 1 


CA270CW 

- 

- 

- 

Output Voltage, 


CA270AW 

10 

- 

- 


Term. 1 1 

f = f Q ± 1.2 MHz 

CA270BW 

10 

- 

- 

v p-p 



CA270CW 

- 

- | 

- 

DC Offset Voltage, 

Zero Sig.; measured 

CA270AW 

-1.7 


1.7 


Term. 1 1 

across R(_ = 

CA270BW 

-1 


1 

V 


50 Kftto +6 V 

CA270CW 

- 

- 

- 


Noise Inverter 

Characteristics: 







Inversion Threshold, 
Term. 9 

Positive noise pulses 


— 

6.6 

— 

V 

Inversion Threshold, 
Term. 9 

Negative noise pulses 

— 

2.2 

— 

V 

Noise Inversion 

Signal inversion threshold 

- 

10 

- 

mV 

Sensitivity, Term. 9 

for complete inversion 



i 



Video Inversion 

Characteristics: 







Video Inversion, 

Carrier increase 

CA270AW 

1 — 


0.2 


Term. 9 (at 

from 0 to 5 mV 

CA270BW 

— 

- 

0.1 

V 

low carrier levels) 

(appx. 8 % carrier) 

CA270CW 

- 

- 

0.3 



Note 1 : CCIR modulation system, peak white = 10% carrier. 

Note 2: Maximum pulse amplitude must never exceed the supply voltage (V + ). 


APPLICATIONS 


The diagram shown in Fig. 3 is typical of the 
type of circuit used in a practical application 
of the CA270 series devices. 

Video Detector 

The if input signal may be applied push-pull 
to terminals 1 and 2 , or single-ended to either 
terminal 1 as shown, or to terminal 2. These 
input terminals are internally biased. 

The detector tank circuit can be tuned by 
applying a 50 mV cw signal of video if fre- 
quency to the input and adjusting the in- 
ductor LI for maximum differential output 
between terminals 9 and 10. The input sig- 
nal is then reduced to 25 mV and LI is re- 
adjusted for maximum output. 


AFC Detector 

The afc quadrature tank circuit should be 
tuned only after the detector adjustment has 
been made. Using the same input signal, in- 
ductor L2 should be adjusted for 6 V dc 
output at terminal 1 1 . The 0.5-pF quadrature 
phase-shift coupling capacitors can affect 
symmetry and actual values will depend on 
the layout used. When LI and L2 are properly 
tuned, the output swing at terminal 1 1 will 
be 10 volts minimum for frequencies of 
±0.2 MHz to ±1.2 MHz about the if carrier 
frequency. 


LINEAR INTEGRATED CIRCUITS 


AGC Detector 

The age threshold, corresponding to sync tip 
level, is approximately 3 volts at terminal 9. 
Full age potential will be developed if the 
input signal increases by 0.5 dB maximum 
with respect to the threshold value. The age 
control at terminal 4 is intended for tuner 
control. The age control at terminal 5 is for 
forward age control of n-p-n transistors in the 
if amplifier. When sinking 10 mA, the zero- 
signal age voltage at terminal 4 is 0.3 volt 
maximum; at terminal 5, it is 1.2 volts maxi- 
mum. 

The design of the device is such that the sink 
current at terminal 4 is a minimum of 6 times 
that at terminal 5. The rf age sink current be- 
gins to decrease when the if sink current is 
about one-sixth of that required to saturate 
the rf age output at terminal 4. The rf age 
delay may be adjusted by means of a variable 
resistor between terminal 5 and ground. This 
adjustment modifies the if system gain, thus 
affecting the rf delay threshold. At maximum 
gain the current into terminal 5 is large com- 
pared to the current in the variable resistor 
and adjustment is ineffective. As the signal 
increases and rf age is applied, the terminal 5 
sink current approaches zero and the if age is 
determined by the value of the variable re- 
sistor. 

A horizontal gating pulse may be applied to 
terminal 7 to gate the age detector. The 
age threshold (sync tip) decreases approxi- 
mately 0.3 volt at terminal 9 when gating is 
used. The gating pulses must be negative- 
going with a recommended minimum ampli- 
tude of 3 volts. They may be ac or dc coupled, 
but the maximum peak value must not ex- 
ceed the dc supply voltage at terminal 3. If 
dc coupling is used, the potential during fly- 
back should be less than 0.5 volt and during 
scan, greater than 1 .5 volts. 

Noise Inverter 

Noise pulses in excess of 6.6 volts at terminal 
9, which would result in “white spots", are 
processed in the device by inverting and 
clamping them to near black level (approx. 
3.6 V), Noise pulses at levels of less than 2.2 
volts at terminal 9 which would result in 
sync noise interference, are inverted and 
returned to black level. 

Complete inversion occurs for signals TO mV 
above the inversion threshold. 
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LINEAR INTEGRATED CIRCUITS 


CA555, CA555C Types 

Timers 

For Timing Delays & Oscillator Applications in 
Commercial, Industrial, and Military Equipment 


The RCA-CA555 and CA555C are highly 
stable timerl for use in precision timing and 
oscillator applications. As timers, these 
monolithic integrated circuits are capable of 
producing accurate time delays for periods 
ranging from microseconds through hours. 
These devices are also useful for astable oscil- 
lator operation and can maintain an accurate- 
ly controlled free-running frequency and 
duty cycle with only two external resistors 
and one capacitor. 

The circuits of the CA555 and CA555C may 
be triggered by the falling edge of the wave- 
form signal, and the output of these circuits 
can source or sink up to a 200-milliampere 
current or drive TTL circuits. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY VOLTAGE ... 18 V 

DEVICE DISSIPATION: 

Up to T a = 55° C 600 mW 

Above T a = 55°C Derate linearly 5 mW/°C 
AMBIENT TEMPERATURE RANGE (All Types): 
Operating 

CA555 -55 to +125 °C 

CA555C ...... 0 to 70 °C A 

Storage -65 to +150 °C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16" ± t/32" 

(1 .59 ± 0.79 mm) from case 

for 10 seconds max. +265 °C 


The CA555 and CA555C are supplied in 
hermetic 1C Gold-CHIP 8-lead dual-in-line 
plastic packages (G Suffix), standard 8-lead 
TO-5 style packages (T suffix), 8-lead TO-5 
style packages with dual-in-line formed leads 
(DIL-CAN, S suffix), 8-lead dual-in-line plas- 
tic packages (MIN I -DIP, E suffix), and in 
chip form (H suffix). These types are direct 
replacements for industry types in packages 
with similar terminal arrangements e.g.SE555 
and NE555, MCI 555 and MCI 455, respec- 
tively. The CA555 type circuits are intended 
for applications requiring premium electrical 
performance. The CA555C type circuits are 
intended for applications requiring less strin- 
gent electrical characteristics. 


CONTROL 



Fig. 1 — Functional diagram of the CA555 
series. 



. o o 

The CA555E, S, J, and T can be operated over the temperature range of —55 C to +1 25 C 
although the published limits for certain electrical specifications apply only over the 
temperature range of 0 to +70 C. 


CA555G, CA555CG: 

Hermetic Gold-CHIP 8-Lead Dual-1 n-Line 
Plastic Package (MINI-DIP) 

CA555T, CA555CT : 

Standard 8-Lead TO-5 Style Package 
CA555S, CA555CS: 

Standard 8-Lead TO-5 Style Package 
With Formed Leads (DIL-CAN) 

CA555E, CA555CE: 

8-Lead Dual-In-Line Plastic Package 
(MINI-DIP) 

Features: 

■ Accurate timing from microseconds 
through hours 

■ Astable and monostable operation 

■ Adjustable duty cycle 

■ Output capable of sourcing or sinking 
up to 200 mA 

■ Output capable of driving TTL devices 

■ Normally ON and OFF outputs 

■ High-temperature stability — 0.005%/°C 

■ Directly interchangeable with SE555, 

NE555, MC1555, and MC1455 

Applications: 

■ Precision timing 

■ Sequential timing 

■ Time-delay generation 

■ Pulse generation 

■ Pulse-width and position modulation 

■ Pulse detector 


GROUND (T) 


-® v+ 

TRIGGER (I) 


— (?) DISCHARGE 

OUTPUT (T) 


— (T) THRESHOLD 

RESET (7) 


/TN CONTROL 
VOLTAGE 


TOP VIEW 


a. MINI-DIP plastic package 

TO-5 style package with formed leads 



b. TO-5 style package 

Fig. 3 — Terminal assignment diagrams. 





LINEAR INTEGRATED CIRCUITS 


CA555, CA555C Types 


ELECTRICAL CHARACTERISTICS, At T A =25°C, V + = 5to 15 V unless otherwise specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

CA555 

CA555C 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

DC Supply Voltage, 
V+ 


H 


18 

H 


16 

V 

DC Supply Current 
(Low State)*, l + 

V+ = 5 V, 

R|_ = 00 


3 


■ 

3 


mA 

V+ = 15 V, 

rl = °° 

■ 

10 

12 

■ 

10 

15 

mA 

Threshold Voltage, 
VTH 


_ 

(2/3)V+ 

■ 

■ 

(2/3)V+ 



V 

Trigger Voltage 

V+ = 5V 

1.45 

1.67 

1.9 

— 

1.67 

— 

V 

V+= 15 V 

4.8 

5 

5.2 

- 

5 

- 

Trigger Current 


- 

0.5 

- 

- 

0.5 

- 

pfK 

Threshold Current*, 
«TH 


■ 

0.1 

0.25 



0.1 

0.25 

pA 

Reset Voltage 


0.4 

0.7 

1.0 

0.4 

0.7 

1.0 

V 

Reset Current 


- 

0.1 

- 

- 

0.1 

- 

mA 

Control Voltage 

Level 

V+ = 5 V 

2.9 

3.33 

3.8 

2.6 

3.33 

4 

V 

< 

+ 

II 

CJ1 

< 

9.6 

10 

10.4 

9 

10 

11 

V 

Output Voltage 

Drop: 

Low State, Vq|_ 

V+ = 5V 

•sink = 5 mA 

■ 


■ 

■ 

0.25 

0.35 

V 

V * 

•SINK = 8 mA 

- 

0.1 

0.25 

- 

- 

- 

V+ = 15 V 
•SINK = 10 mA 

- 

0.1 

0.15 

- 

0.1 

0.25 

'SINK = 50 mA 

- 

0.4 

0.5 

- 

0.4 

0.75 

•SINK = 100 mA 

- 

2.0 

2.2 

- 

2.0 

2.5 

ISINK = 200 mA 

- 

2.5 

- 

- 

2.5 

- 

High State, Voh 

V + = 5 V 

•SOURCE = 100 mA 

3.0 

3.3 

- 

2.75 

3.3 

- 

V 

V+ = 15 V 

•SOURCE = 100 mA 

13.0 

13.3 


12.75 

13.3 


•SOURCE = 200 mA 

- 

12.5 

- 

- 

12.5 

- 

Timing Error 

(Monostable): 
Initial Accuracy 

R'], R 2 

= 1 to 100 kfl 

C = 0.1 //F 

Tested at 

V + = 5 V, 

V+= 15 V 

- 

0.5 

2 

- 

1 

- 

% 

Frequency 

Drift with. 
Temperature 

- 

30 

100 

- 

50 

- 

p/m/ 

°C 

Drift with Supply 
Voltage 

- 

0.05 

0.2 


0.1 

- 

%/v 

Output Rise Time, t r 


- 

100 

- 


100 

- 

ns 

Output Fall Time,tf 


- 

100 

- 

- 

100 

- 

ns 


* When the output is in a high state, the dc supply current is typically 1 mA less than the 
low-state value. 

A The threshold current will determine the sum of the values of R-j and R 2 to be used in 
Fig. 16 (astable operation): the maximum total R-j + R 2 « 20 M£2. 



92CS- 24960 


Fig. 4 — Minimum pulse width vs. minimum 
trigger voltage. 



92CS-2496I 

Fig. 5 — Supply current vs. supply voltage. 



SOURCE CURRENT (I S0uRCE )— mA 


92CS-24962 

Fig. 6 — Output voltage drop (high state) vs. 
source current. 



9?CS- 24963 


Fig. 7 — Output voltage-low state vs. sink current 
at V+ =5 V. 
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LINEAR INTEGRATED CIRCUITS 


CA555, CA555C Types 



92CS-24964 

Fig. 8 — Output voltage-low state vs. sink 
current at V+ = 10 V. 



92CS-24967 

Fig. 11 — Delay time vs. temperature. 



92CS-24965 


Fig. 9 — Output voltage-low state vs. sink current 
at V+ = 15 V. 



92CS-24968 

Fig. 12 — Propagation delay time vs. trigger voltage. 
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Fig. 10 — Delay time vs. supply voltage. 

v+ 
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INPUT 

VOLTAGE (TERMINAL 2) 

SWITCH SI "CLOSED" 
0 



33V 

CAPACITOR 

VOLTAGE (TERMINALS 6,7) 
0 u - j - 



5 V 

OUTPUT 
VOLTAGE 
(TERMINAL 3) 

O 



92CS-2678I 

Fig. 14 - Typical waveforms for reset timer. 



Fig. 15 — Time delay vs. resistance and capacitance. 


v+ 



Fig. 16 — Repeat cycle timer (astab/e operation). 


TYPICAL APPLICATIONS 
Reset Timer (Monostable Operation) 

Fig.1 3 shows the CA555 connected as a reset 
timer. In this mode of operation capacitor 
Cy is initially held discharged by a transistor 
on the integrated circuit. Upon closing the 
"start" switch, or applying a negative trigger 
pulse to terminal 2, the integral timer flip- 
flop is "set" and releases the short circuit 
across Cj which drives the output voltage 
"high" (relay energized). The action allows 
the voltage across the capacitor to increase 
exponentially with the time constant t = 
R-|Cy. When the voltage across the capacitor 
equals 2/3 V + , the comparator resets the 
flip-flop which in turn discharges the capaci- 
tor rapidly and drives the output to its 
low state. 


Since the charge rate and threshold level of 
the comparator are both directly propor- 
tional to V + , the timing interval is relatively 
independent of supply voltage variations. 
Typically, the timing varies only 0.05% for 
a 1 volt change in V + . 

Applying a negative pulse simultaneously to 
the reset terminal (4) and the trigger terminal 
(2) during the timing cycle dischargesCy and 
causes the timing cycle to restart. Momen- 
tarily closing only the reset switch during the 
timing interval discharges Cy, but the timing 
cycle does not restart. 

Fig. 14 shows the typical waveforms gener- 
ated during this mode of operation, and 
Fig.1 5 gives the family of time delay curves 
with variations in Ri and Cy. 


Repeat Cycle Timer (Astable Operation) 

Fig. 16 shows the CA555 connected as a 
repeat cycle timer. In this mode of oper- 
ation, the total period is a function of both 
Rj and R2; 

T = 0.693(R 1 +2R 2 )Cy = t 1 +t 2 
where t-j =0.693(Ri + R 2 ) Cy 
and t2 = 0.693(R2)Cy 
The duty cycle is: 

t2 r 2 
ti + t 2 R*| + 2R 2 

Typical waveforms generated during this 
mode of operation are shown in Fig. 17. 
Fig. 18 gives the family of curves of free 
running frequency with variations in the 
value of (R 1 + 2R 2 ) and Cy. 
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Top Trace: Output voltage (2V/div. and 
0.5 ms/div.) 

Bottom Trace: Capacitor voltage (1 V/ 
div. and 0.5 ms/div.) 

Fig. 17 — Typical waveforms for repeat 
cycle timer. 



Fig. 18 — Free running frequency of repeat cycle timer 
with variation in capacitance and resistance. 
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LINEAR INTEGRATED CIRCUITS 


CA723 Types 
Voltage Regulators 

For Regulated Output Voltages Adjustable from 
2 V to 37 V at Output Currents up to 1 50 mA 
Without External Pass Transistors 


RCA-CA723 and CA723C are silicon mono- 
lithic integrated circuits designed for service 
as voltage regulators at output voltages 
ranging from 2 to 37 volts at currents up to 
150 milliamperes. 

Each type includes a temperature-compen- 
sated reference amplifier, an error amplifier, 
a power series pass transistor, and a current- 
limiting circuit. They also provide inde- 
pendently accessible inputs for adjustable 
current limiting and remote shutdown and, 
in addition, feature low standby current 
drain, low temperature drift, and high ripple 
rejection. 

The CA723 and CA723C may be used with 
positive and negative power supplies in a 

MAXIMUM RATI NGS, Absolute- Maximum Values: 

DC SUPPLY VOLTAGE 

(Between V + and V - Terminals) 40 V 

PULSE VOLTAGE FOR 50-ms 
PULSE WIDTH 

(Between V + and V” Terminals) 50 V 

DIFFERENTIAL INPUT-OUTPUT 

VOLTAGE 40 V 

DIFFERENTIAL INPUT 
VOLTAGE: 

Between Inverting and Non- 

Inverting Inputs ±5 V 

Between Non-Inverting 

Input and V~ 8 V 

CURRENT FROM ZENER DIODE 

TERMINAL (V 2 ) 25 mA 

CURRENT FROM VOLTAGE 
REFERENCE TERMINAL 

(Vref) 15 mA 


wide variety of series, shunt, switching, and 
floating regulator applications. They can 
provide regulation at load currents greater 
than 150 milliamperes and in excess of 
10 amperes with the use of suitable n-p-n 
or p-n-p external pass transistors. 

The CA723 and CA723C are supplied in the 
10-lead TO-5-sty I e ceramic package (T suffix), 
and the 14-lead dual-in-line plastic package 
(E suffix), and are direct replacements for 
industry types 723, 723C, ptA723, and 
juA723C in packages with similar terminal 
arrangements. They are also available in 
chip form ("H" suffix). 

All types are rated for operation over the 
full military-temperature range of — 55°C 
to +125°C. 

DEVICE DISSIPATION: 

Up to T A = 25°C - 

CA723T, CA723CT 800 mW 

CA723E, CA723CE 1000 mW 

Above T A = 25°C — 

CA723T, CA723CT 

Derate linearly 6.3 mW/°C 

CA723E, CA723CE 

Derate linearly 8.3 mW/°C 

AMBIENT TEMPERATURE 
RANGE (All Types): 

Operating —55 to +125 °C 

Storage —65 to +150 °C 

LEAD TEMPERATURE 
(During Soldering): 

At a distance 1/16" ± 1/32" 

(1.59 ±0.79 mm) from case for 

10 seconds max. ...... +265 C 


Vc 



92CM-24I59RI 


Fig. 4 — Equivalent schematic diagram of the CA 723 and CA723C. 


Features: 

■ Up to 150 mA output current 

■ Positive and negative voltage regulation 

■ Regulation in excess of 10A with suitable 

pass transistors 

■ Input and output short-circuit protection 

■ Load and line regulation: 0.03% 

■ Direct replacement for 723 and 723C 

industry types 

■ Adjustable output voltage: 2 to 37 V 

Applications: 

■ Series and shunt voltage regulator 

■ Floating regulator 

■ Switching voltage regulator 

■ High-current voltage regulator 

■ Temperature controller 

FREQUENCY 

v + COMPENSATION 



Fig. 1 - Functional diagram of the CA 723 and CA723C 


CURRENT 



Fig. 2 — Terminal arrangement of the CA723T and 
CA723CT in the TO- 5 style package. 



Fig. 3 — Terminal arrangement of the CA723E and 
CA723CE in the dual-in-line plastic package. 





LINEAR INTEGRATED CIRCUITS 


CA723 Types 


ELECTRICAL CHARACTERISTICS at T A « 25 C, V + - V c - V, - 12 V, V“ - 0, V Q - 6 V. 
1 1 _ =*= 1 mA, C*| * 100 pF, Cref * 0, R$CP * unless otherwise specified. Divider 
impedance R-j R 2 R 1 +R 2 ®t non-inverting input. Term. 5, = 10 kft (see Fig. 23). 




LIMITS 


CHARACTERISTIC 

TEST 

CA723 

CA723C 

UNITS 


CONDITIONS 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Quiescent Regulator 
Current, Iq 

l L = 0. 

V| = 30 V 

- 

2.3 

3.5 

- 

2.3 

4 

mA 

Input Voltage 

Range, V| 


9.5 

_ 

40 

9.5 

_ 

40 

V 

Output Voltage 
Range, Vq 


2 

_ 

37 

2 

_ 


V 

Differential Input 
Output Voltage, 

V,— Vq 


3 


38 

3 

■ 


V 

Reference Voltage, 
V REF 


6.95 

7.15 

7.35 

6.8 

■ 

■ 

V 


V, = 12 
to 40 V 



0.02 

0.2 






V, = 12 
to 15 V 


0.01 

0.1 



0.1 


Line Regulation 
(See Note 1 ) 

V, = 12 
to 15 V, 

= —55 to 
+1 25°C 



0.3 



1 

%v 0 


V| = 12 
to 15 V, 

T^ = 0 to 

70° C 






■ 



i L = i 
to 50 mA 

- 

0.03 

0.15 

_ 

0.03 

0.2 


Load Regulation 
(See Note 1 ) 

•l=1 

to 50 mA, 

= —55 to 
+1 25°C 



0.6 



■ 

%Vq 

•l = 1 

to 50 mA, 

t a = 0 

to 70° C 








Output-Voltage 

Temp. Coefficient, 
AVq 

T A =-55 
to +1 25°C 


0.002 

0.015 

■ 

■ 

■ 

%/°c 

T A = 0 
to 70° C 





MB 

0.015 

Ripple Rejection 
(See Note 2) 

f = 50 Hz 

to 10 kHz 

_ 

74 



74 



f = 50 Hz to 

10 kHz, 

CrEF = 5pF 


86 



86 


dB 

Short-Circuit 

Limiting Current, 

'lim 

r SC p = ion. 
v 0 = 0 

- 

65 

- 

- 

65 

- 

mA 

Equivalent Noise RMS 
Output Voltage, V N 
(See Note 2) 

BW = 100 Hz 
to 10 kHz, 
Cref = 0 

_ 

20 



20 


MV 

BW = 100 Hz 
10 kHz, 

Cref = 5 mf 


2.5 



2.5 



Note 1 : Line and load regulation specifications are given for condition of a constant chip 
temperature. For high-dissipation conditions, temperature drifts must be sepa- 
rately taken into account. Note 2: For Cr^r, see Fig. 23. 


TYPICAL CHARACTERISTICS 
CURVES FOR TYPE CA723 



92CS-24I60 

Fig 5 — Max. load current vs differential input- 
output voltage. 



92CS-2416I 


Fig. 6 — Load regulation without current limiting. 
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Fig 7 — Load regulation with current limiting 



Fig 8 — Load regulation with current limiting 
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LINEAR INTEGRATED CIRCUITS 


CA723 Types 




Fig. 12 — - Max. load current vs differential input- 
output voltage for CA723CE. 



OUTPUT CURRENT (X 0 )-mA 92CS-24I68 

Fig l 13 — Load regulation without current limiting 



Fig 14 — Load regulation with current limiting 



OUTPUT CURRENT (I 0 )-mA 92CS-24I70 

Fig. 15— Current limiting characteristics. 



Fig 16 — Quiescent current vs. input voltage. 



DIFFERENTIAL INPUT-OUTPUT VOLTAGE (V r V 0 ) — V 

92CS-24 1 72 

Fig 17 — Load regulation vs. differential input- 
output voltage. 


TYPICAL CHARACTERISTICS CURVES FOR TYPES CA723 AND CA723C 
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Fig 18 — Line regulation vs. differential input- 
output voltage. 
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Fig 19 — Line transient response. 



Fig. 20 — Current limiting characteristics vs. 
junction temperature. 
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CA723 Types 



-5 5 15 25 35 45 


TIME (»)—#!• 92CS-24I74 

Fig 21 — Load transient response. 
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Fig. 22 - Output impedance vs. frequency. 



REGULATED OUTPUT VOLTAGE . . 5 V 

LINE REGULATION (A V| - 3 V) .... 0.5 mV 
LOAD REGULATION {Alf 50 mA). . . 1.5 mV 

Note: R3 ■ lor minimum temperature drift 

Fig 23 — Low-voltage regulator circuit (Vq = 2 
to 7 volts). 


92CS-24I78 


TYPICAL APPLICATION CIRCUITS 



REGULATED OUTPUT VOLTAGE ... 15 V 

LINE REGULATION <AV| = 3 V) .... 1.5 mV 
LOAD REGULATION (A Il = 50 mA) . . 4.5 mV 


Note: R3= * or temperature drift 

R3 may be eliminated for minimum component count. 92CS-24I7 

Fig. 24 — High-voltage regulator circuit (Vq = 7 
to 37 volts). 



REGULATED OUTPUT VOLTAGE ... -15 V 
LINE REGULATION (AV| = 3 V) . . . . 1 mV 

LOAD REGULATION (AIl = 100 mA) I. 2 mV 

Note: For applications employing the TO-5 style package 
and where V£ is required, an external 6.2-volt 
zener diode should be connected in series with 
Vo (Terminal 6). 

Fig. 25 — Negative-voltage regulator circuit. 


92CS-24I80RI 


Vi 



REGULATED OUTPUT VOLTAGE ... 15 V 

LINE REGULATION (AVf 3 V) .... 1.6 mV 
LOAD REGULATION (AlL “ 1 A) . ... 16 mV 


92CS-24I8IRI 

Fig. 26 — Positive-voltage-regulator circuit (with 
external n-p-n pass transistor). 



REGULATED OUTPUT VOLTAGE ... 5 V 

LINE REGULATION (A V t « 3 V) .... 0.5 mV 
LOAD REGULATION (Alt “ 1 A) . ... 5 mV 


92CS-24I82RI 

Fig. 27 — Positive voltage-regulator circuit (with 
external p-n-p pass transistor ). 



CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE ... 6 V 

LINE REGULATION (AV| - 3 V) .... 0.5 mV 
LOAD REGULATION (AIl - 10 mA). . . 1 mV 

SHORT-CIRCUIT CURRENT 20 mA 


92CS-24I83 

Fig 28 — Fo/dback current-limiting circuit. 



nected in series with Vo (Terminal 6). 


CIRCUIT PERFORMANCE DATA: 


REGULATED OUTPUT VOLTAGE ... 50 V 
LINE REGULATION (A V| = 20 V) ... 15 mV 
LOAD REGULATION (aI L = 50 mA). . . 20 mV 


Fig 29 — Positive-floating regulator circuit 
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LINEAR INTEGRATED CIRCUITS 


CA741, CA747, CA748, CA1458, CA1558 Types 

Operational Amplifiers 

High-Gain Single and Dual Operational Amplifiers 
For Military, Industrial and Commercial Applications 


" G " Suffix Types— Hermetic Gold-CHIP in 
Dual-In-Line Plastic Package 
"E" Suffix Types— Standard Dual-ln-Line 
Plastic Package 

"T" and "S" Suffix Types— TO-5 Style Package 


The RCA-CA1458, CA1558 (dual types); 
CA741 C, CA741 (single-types); CA747C, 
CA747 (dual types); and CA748C, CA748 
(single types) are general-purpose, high-gain 
operational amplifiers for use in military, 
industrial, and commercial applications. 

These monolithic silicon integrated-circuit 
devices provide output short-circuit pro- 
tection and latch-free operation. These types 
also feature wide common-mode and differ- 
ential-mode signal ranges and have low-offset 
voltage nulling capability when used with an 
appropriately valued potentiometer. A 5- 
megohm potentiometer is used for offset 
nulling types CA748C, CA748 (See Fig. 10); 
a 10-kilohm potentiometer is used for offset 
nulling types CA741C, CA741, CA747CE, 
CA747CG, CA747E, CA747G (See Fig. 9); 
and types CA1458, CA1558, CA747CT, 
have no specific terminals for offset nulling. 
Each type consists of a differential-input 
amplifier that effectively drives a gain and 
level-shifting stage having a complementary 
emitter-follower output. 


This operational amplifier line also offers the 
circuit designer the option of operation with 
internal or external phase compensation. 

Types CA748C and CA748, which are ex- 
ternally phase compensated (terminals 1 
and 8) permit a choice of operation for 
improved bandwidth and slew-rate capa- 
bilities. Unity gain with external phase 
compensation can be obtained with a single 
30-pF capacitor. All the other types are 
internally phase-compensated. 

RCA's manufacturing process makes it possi- 
ble to produce 1C operational amplifiers with 
low-burst ("popcorn") noise characteristics. 
Type CA6741, a low-noise version of the 
CA741, gives limit specifications for burst 
noise in the data bulletin. File No. 530. 
Contact your RCA Sales Representative for 
information pertinent to other operational 
amplifier types that meet low-burst noise 
specifications. 


MAXIMUM RATINGS, Absolute-Maximum Values at T A =25°C: 


DC Supply Voltage (between V + and V terminals): 

CA741C, CA747C a , CA748C, CA1458* 36 V 

CA741, CA747*, CA748, CA1558 a 44 V 

Differential Input Voltage ±30 V 

DC Input Voltage* ±15V 

Output Short-Circuit Duration Indefinite 

Device Dissipation: 

Up to 70°C (CA741C, CA748C) 500 mW 

Up to 75°C (CA741 , CA748) 500 mW 

Up to 30°C (CA747) 800 mW 

Up to 25°C (CA747C) 800 mW 

Up to 30° C (CA1558) 680 mW 

Up to 25°C (CA1 458) 680 mW 

For Temperatures Indicated Above Derate linearly 6.67 mW / C 

Voltage between Offset Null and V" (CA741 C, CA741 , CA747CE, CA747CG) ±0.5 V 

Ambient Temperature Range: 

Operating - CA741, CA747E, CA748. CA1558 -55 to+125°C 

CA741C, CA747C, CA748C, CA1458 0 to +70 °C t 

Storage —65 to +150 °C 

Lead Temperature (During Soldering) : 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 seconds max 265 °C 


* If Supply Voltage is less than ± 15 volts, the Absolute Maximum Input Voltage is equal to the Supply Volt- 
age. 

A Voltage values apply for each of the dual operational amplifiers. 

f All types in any package style can be operated over the temperature range of —55 to +125°C, although the 
published limits for certain electrical specifications apply only over the temperature range of 0 to +70°C. 


Features: 

■ Input bias current (all types): 500 nA max. 

■ Input offset current (all types): 200 nA max. 

Applications: 

■ Comparator 

■ DC amplifier 

■ Integrator or differentiator 

■ Multivibrator 

■ Narrow band or band-pass filter 

■ Summing amplifier 


TOP VIEW 



NOTE PIN 4 IS CONNECTED TO 
CASE 

92CS- 1942ft 

la.— CA 74 1 CS, CA 741 CT, CA 74 1 S, & 
C A 74 IT with interna! phase 
compensation. 


TOP VIEW 



9?CS - 19427*1 

1 b.—CA747CT and CA747T with 
internal phase compensation. 


TOP VIEW 


PHASE 



92CS- 19428 


1c.— CA 748CS, CA 748CT, CA 748S, 
and CA748T with external 
phase compensation. 


Fig. 1 — Functional diagrams. 
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LINEAR INTEGRATED CIRCUITS 


CA741, CA747, CA748, CA1458, CA1558 Types 


RCA 

No. of 

Phase 

Offset Voltage 

Min. 

Max. V, n 

Operating-T emperature 

Type No. 

Ampl. 

Comp. 

Null 

-J 

O 

< 

(mV) 

Range ( C) 

CA1458 

dual 

int . 

no 

20k 

6 

0 to +70* 

CA1558 

dual 

int. 

no 

50k 

5 

-55 to +125 

CA741C 

single 

int. 

yes 

20k 

6 

0 to +70* 

CA741 

single 

int. 

yes 

50k 

5 

-55 to +125 

CA747C 

dual 

int. 

yes # 

20k 

6 

0 to +70* 

CA747 

dual 

int. 

yes* 

50k 

5 

-55 to +125 

CA748C 

single 

ext. 

yes 

20k 

6 

0 to +70* 

CA748 

single 

ext. 

yes 

50k 

5 

-55 to +125 


♦in the 14-lead dual-in-line plastic package only. 

*AII types in any package style can be operated over the temperature range of —55 to +125°C, 
although the published limits for certain electrical specifications apply only over the tempera- 
ture range of 0 to +70°C. 


ORDERING INFORMATION 

When ordering any of these types, it is important that the appropriate suffix letter for the 
package required be affixed to the type number. For example: If a CA1458 in a straight- 
lead TO-5 style package is desired, order CA1458T. 


Type No. 

PACKAGE TYPE AND SUFFIX LETTER 

FIG. No. 

TO-5 

STYLE 

PLASTIC 

Gold-CHIP 

PLASTIC 

CHIP 

Gold- 

CHIP 

BEAM- 

LEAD 

8L 

10L 

DIL-CAN 

8L 

14L 

8L 

14L 

CA1458 

T 


S 

E 


G 


H 

GH 


Id, 1h 

CA1558 

T 


S 

E 


G 





Id, 1h 

CA741C 

T 


s 

E 


G 


H 

GH 


la, 1e 

CA741 

T 


s 

E 


G 




L 

la, 1e 

CA747C 


T 



E 


G 

H 

GH 


1b, If 

CA747 


T 



E 


G 




1b, If 

CA748C 

T 


s 

E 


G 


H 

GH 


1c, 1g 

CA748 

T 


s 

E 

1 

1 

G 


i 



1c, 1g 



L 


Fig.2— Schematic diagram of operational amplifier with external phase 
compensation for CA748C and CA748. 



Id.—CA 1458S,CA 1458T,CA 1558S, 
and CA 1558T and internal 
phase compensation. 



92CS- 23014 

/ e. — CA 74 1 CE, CA 74 1 CG, CA 74 1 E, 
and CA741C with interna! 
phase compensation. 


TOP VIEW 



OFFSET 

NULL(A) 


V ♦ (A) 

OUTPUT 

(A) 

NC 

OUTPUT 

(B) 

V+ (B) 


OFFSET 
NULL (8) 

92CS-t94?9 


If.—CA 747CE, CA 747 CG f CA 747E, 
and CA747G with interna I 
phase compensation. 



92CS-2 

1g.—CA 748CE, CA 748CG, CA 748E f 
and CA748G with external 
phase compensation. 



92CS- 25015 

Ih.-CA 1458E,CA 1458G f CA 1558E , 
and CA 1558G with internal 
phase compensation. 

Fig. 1 — Functional Diagrams (Cont'd) 
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Input Resistance, R| 

Open-Loop Differential R|_^2k£2 

Voltage Gain, Aq^ Vq = ±10\ 


Common-Mode Input 
Voltage Range, V|pp 


-55 to +125 C 


±12 ±13 



Common-Mode 
Rejection Ratio , CMRR 


Supply Voltage 
Rejection Ratio, PSRR 


Output Voltage 
Swing, VQpp 



R s <10ka -55 to +1 25 C 70 90 


R s <10kft -55 to +125 °C 


R L > 10 kf2 -55 to +1 25 °C 


R L >2k^ —55 to +125 °C 
25 °C 



Supply Current, l~ —55 C 

+1 25 °C 
25 °C 

Device Dissipation, Pp —55 °C 

+125 °C 

* Values apply for each section of the dual amplifiers. 


Device Dissipation, Pp 


dB 


150 juV/V 


2.8 

3.3 mA 

2.5 

85 

100 mW 
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Fig. 7 -Peak-to-peak output voltage vs. supply volt- 
age for all types except CA748 and CA748C. 


























































LINEAR INTEGRATED CIRCUITS 


CA741, CA747, CA748, CA1458, CA1558 Types 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 


CHARACTERISTIC 

TEST CONDITIONS 

Supply Voltage, 

LIMITS 

UNITS 

CA741C 

CA747C* 

CA748C 

CA1458* 

v ■ - IQ V, 

V~ = -15 V 

Ambient 
Temperature, T ^ 

Min. 

Typ. 

Max. 

Input Offset Voltage, 

VlO 

R$ = < lOkft 

25 °C 

- 

2 

6 

mV 

Oto 70 °C 

- 

- 

7.5 

Input Offset Current, 

ho 


25 °C 

- 

20 

200 

nA 

Oto 70 °C 

- 

- 

300 

Input Bias Current, 

1 IB 


25 °C 

- 

80 

500 

nA 

Oto 70 °C 

- 

- 

800 

Input Resistance, R| 



0.3 

2 


win 

Open-Loop Differential 
Voltage Gain, Aql 

R L > 2 kn 

Vq = +10 V 

25 °C 

20,000 

200,000 

- 


Oto 70 °C 

15,000 

- 

- 

Common-Mode Input 
Voltage Range, V|Qp 


25 °C 

±12 

±13 

- 

V 

Common-Mode 

Rejection Ratio, CM RR 

R s <10kfi 

25 °C 

70 

90 

- 

dB 

Supply-Voltage 

Rejection Ratio, PSRR 

R s < 10 k£2 

25 °C 

- 

30 

150 

juV/V 

Output Voltage Swing, 
v OPP 

R L >10kn 

25 °C 

±12 

±14 

- 

V 

R l >2 kfi 

25 °C 

±10 

±13 

- 

0 to 70 °C 

±10 

±13 

- 

Supply Current, l~ 


25 °C 

- 

1.7 

2.8 

mA 

Device Dissipation, Pq 


NJ 

CJI 

o 

O 

- 

50 

85 

mW 


* Values apply for each section of the dual amplifiers. 


ELECTRICAL CHARACTERISTICS 

Typical Values Intended Only for Design Guidance 


CHARACTERISTIC 

TEST 

CONDITIONS 

V± = ±15 V 

TYP. 

VALUES 

ALL TYPES 

UNITS 

Input Capacitance, C| 


1.4 

PF 

Offset Voltage 

Adjustment Range 


±15 

mV 

Output Resistance, Rq 


75 

SI 

Output Short-Circuit Current 


25 

mA 

Transient Response: 

Rise Time, t r 

Unity gain 

V, = 20 mV 

R l = 2 kft 

C L < 100 pF 

0.3 

Ms 

Overshoot 

5 

% 

Slew Rate, SR: 

Closed-loop 

R L > 2 kfl 

0.5 

V/ps 

Open-loop* 

40 


A Open-loop slew rate applies only for types CA748C and CA748. 



Fig. 8— Output voltage i/s. transient response time for 
CA741C and CA741. 


INVERTING 

INPUT 


NON-INVERTING 
INPUT 

O 0— It 


* SE E FUNCTIONAL DIAGRAM 
FOR TERMINAL NOS OF O v 
RESPECTIVE TYPE NO 



92CS-I9424R2 


Fig. 9— Voltage-offset null circuit for CA741C ‘ CA741, 
CA747CE, CA747CG r CA747E, and CA 74 76. 


INVERTING 



Fig. 1 0— Voltage-offset null circuit for CA748C and 
CA748. 



Fig. 11 — Transien t response test circuit for all types. 


L 
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LINEAR INTEGRATED CIRCUITS 


CA758E 


RC Phase-Locked-Loop Stereo Decoder 

For FM Multiplex Systems 


Features: 

■ Low distortion (THD): 0.4% (typ.) 

■ Excellent SCA rejection: 70 dB typ. 

■ RC oscillator 


RCA-CA758E is a monolithic silicon integrated circuit RC 
phase-lock loop stereo decoder intended for FM solid-state 
stereo multiplex systems. 

The CA758E is pin compatible and electrically equivalent to 
industry types juA758, MC1311P, LM1800, and ULX2244. 

The CA758E decodes the multiplexed stereo input signal into 
left and right channel audio output signals. The decoder also 
suppresses SCA (storecast) transmissions when present in the 
composite stereo signal. 

MAXIMUM RATINGS, Absolute-Maximum Values at T A * 25°C 

DC Supply Voltage 

DC Supply Voltage (for < a 15-second period) ....... 

DC Voltage at Term. 7 (Lamp Driver Circuit with Lamp "OFF") . . 

Device Dissipation: 

Up to T A = 70°C 

Above T A = 70°C derate linearly 
Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (During soldering): 

At a distance not less than 1/32" (0.79 mm) 
from case for 10 s max 


The decoder uses a minimum of external components, and 
requires one adjustment (oscillator frequency) for complete 
alignment. In addition, the CA758E provides automatic mono- 
stereo mode switching and energizes a stereo indicator lamp. 
The CA758E is supplied in a 16-lead dual-in-line plastic 
package and operates over an ambient temperature range of 
-40 to +85°C. 


■ High-audio-channel separation: 45 dB 

■ Power supply range: 10 to 16 V dc 

■ Requires only one adjustment for complete alignment 

■ Low-impedance outputs 

■ Stereo indicator lamp drive: 150 mA typ. 


osc. 

RC NETWORK 
© 


+18 V 
+22 V 
+22 V 

730 mW 
9.1 mW/°C 

-40 to +85°C 
-65 to +150°C 


+266°C 



LEFT RIGHT 
CHANNEL 
DE -EMPHASIS 


92CM -2 3508 


Fig. 1 - Functional block diagram of the CA758E. 



Fig. 2 - Schematic diagram of the CA758E. 
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LINEAR INTEGRATED CIRCUITS 


CA758E 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

.(Referenced to Fig 7' unless otherwise specified) 

• LIMITS 

UNITS 

V + = 12 V,T A * 25°C 

Multiplex Input Signal (L*R, pilot "OFF") 

- 300 mV RMS 

19-kHz Pilot Level - 30 mV RMS 
f (modulation) = 400 Hz or 1 kHz 

Min. | Typ. | Max. 

| Static Characteristics | 

Total Current 

Lamp "OFF" 

_ 

26 

35 

mA 

Maximum Available Lamp Current 


75 

150 

- 

mA 

DC Voltage at Term. 7 (Lamp Driver) 

1 (Lamp) = 50 mA 

- 

1.3 

1.8 

V 

DC Voltage Shift at either Term. 4 
or 5 (Output) 

Stereo-to-Mono Operation 


30 

150 

mV 

| Dynamic Characteristics , | 

Power Supply Ripple Rejection 

For a 200-Hz, 200-mV RMS Signal 

35 

45 

- 

dB 

^ Input Resistance 


20 

35 

- 

kn 

Output Resistance 


0.9 

1.3 

2.0 

kfi 

Channel Separation (Stereo) 

At f = 100 Hz 

- 

40 

- 

dB 

f = 400 Hz 

30 

45 

- 

dB 

f= 10kHz 

- 

45 

- 

dB 

Channel Balance (Monaural) 


- 

0.3 

1.5 

dB 

Voltage Gain 

At f = 1 kHz 

0.5 

0.9 

1.4 

V/V 

Pilot Input Level: 

19-kHz Input 

Lamp "ON" 


15 

20 

mV RMS 

19-kHz Input 

Lamp "OFF" 

2.0 

7.0 

- 

mV RMS 

Hysteresis 

Lamp "OFF" 

3.0 

7.0 

- 

dB 

Capture Range (Deviation from 

76-kHz Center Frequency) 


±2.0 

±4.0 

±6.0 

% 

Total Harmonic Distortion 

Multiplex Input Signal = 600 mV RMS 
(Pilot "OFF") 

- 

0.4 

1.0 

%. 

19-kHz Rejection 


25 

35 

- 

dB 

38-kHz Rejection 


25 

45 

- 

dB 

SCA (Storecast) Rejection 

Measured Composite Signal: 80% Stereo, 

10% Pilot, 10% SCA 

- 

70 

- 

dB 

Voltage-Controlled Oscillator (VCO) 
Tuning Resistance 

Total Resistance (Term. 15 to 8) 
required to set 

f RE p = 19 kHz ± 10 Hz (Term. 11) 

21.0 

23.3 

25.5 

k ft 

Voltage-Controlled Oscillator 

Frequency Drift 

0° <T a <25°C 

- 

+0.1 

±2 

% 

25°<T a <70°C 

- 

-0.4 

±2 

% 


TYPICAL PERFORMANCE CHARACTERISTICS 
(Referenced to Fig. 7 ) 



92CS-235IO 

Fig.3 — Channel separation vs. audio frequency. 



92CS-235II 


Fig. 4 — Channel separation vs. oscillator free running frequency error. 




10 20 30 40 50 «0 

PILOT LEVEL-mV RMS 


Fig. 5 — Capture range vs. pilot level. 



INPUT VOLTAGE (Vj;)- mV RMS 

92CS-23SI3 

Fig. 6- Total harmonic distortion vs. input level. 


Fig.2 - Schematic diagram of the CA7S8E (Cont'df. 




LINEAR INTEGRATED CIRCUITS 


CA758E 



Fig. 7 — Test circuit for measurement of dynamic characteristics. 


NOTES: 

Tolerance on resistors is ±5% 
and tolerance on capacitors is 
± 20% unless otherwise specified. 
C 1 -+100%, -20% 

Cg = ± 1% in test circuit and 

±5% in typical application- 
R 3 = ± 1% 

R 4 = ±10% 

Rj and R 2 = ± 1% in test cir- 
cuit and ±5% in typical 
application. 


TYPICAL PERFORMANCE CHARACTERISTICS (Referenced to Fig. 7) 




AMBIENT TEMPERATURE (T A J— *C 

92CS- 23SI5 

Fig. 9 — Oscillator free running frequency error vs. ambient temperature. 
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LINEAR INTEGRATED CIRCUITS 


CA810Q, CA810QM Preliminary Data 


7-Watt Audio Power Amplifier 
With Thermal Shut-Down 

The RCA-CA810Q and CA810QM are monolithic audio 
amplifiers intended for class B operation. They are specifically 
designed for mobile equipment operating from 12-V battery 
supplies. They operate over a wide range of supply voltages 
(4 to 20 V) with very low harmonic and crossover distortion. 
The maximum repetitive peak output current is 2.5 A, and an 
integral thermal limiting circuit shuts the device down in 
case of output overload or excessive package temperature. 

The CA810Q and CA810QM are supplied in modified 16-lead 
quad-in-line plastic packages ("Q" suffix) with integral wing- 
tab heat sinks. The tabs on the CA810Qare bent down for p.c. 
board insertion, and on the CA810QM they are flat and pierced 
for easy attachment to an external heat sink. 

The CA810Q and CA810QM are electrically and mechanically 
equivalent to types TBA810S and TBA810AS, respectively. It 
should be noted that pin-numbering conventions for these 
devices may differ from manufacturer to manufacturer, 
however the devices are pin compatible and interchangeability 
is not affected. 


MAXIMUM RATINGS, Absolute Maximum Values 


at T A = 25° C 

SUPPLY VOLTAGE 20 V 

PEAK OUTPUT CURRENT 

(non-repetitive) 3.5 A 

PEAK OUTPUT CURRENT (repetitive) 2.5 A 

DEVICE DISSIPATION: 

At T a = 70° C 1 W 

AtT tab = 100 ° C 5W 

AMBIENT TEMPERATURE RANGE: 

Operating -40°C to (Refer to Fig. 7 for 

typical high-temperature limit) 

Storage —40 to +150°C 

THERMAL RESISTANCE: CA810Q CA810QM 

Junction to tab 12 10 °C/W 

Junction to ambient 70* 80 °C/W 


•Value obtained with tabs soldered to printed-circuit board 

Features 

■ Power output — 7 W with 4£2 load 

■ Supply voltage range - 4 to 20 V 

■ Peak output current - 2.5 A (max.) 

■ Very low harmonic and cross-over distortion 



Fig. 1 — Terminal diagram of CA810Q and CA810QM. The wing tabs on 
the CA810Q are bent down, and on the CA810QM they are flat 
and pierced. 




92CM- 24I32RI 


Fig. 2 - Schematic diagram of CA810Q, CA810QM. 


ELECTRICAL CHARACTERISTICS, at T A = 25° C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNIT 

Supply Voltage (V + ) = 14.4 V 

Unless Otherwise Specified 

CA810Q 

CA810QM 

MIN. 

TYP. 

MAX. 

Supply Voltage 

V + 


4 

- 

20 

V 

Input Voltage 

V| 


- 

- 

220 

mV 

Input Sensitivity 

e, 

P 0 =6 W, R L =4 Cl, Rl = 56 n, f = 1 kHz 

- 

80 

- 

mV 

Quiescent Output Voltage 

v 0 


6.4 

7.2 

8 

V 

Quiescent Current Drain 

'o 


- 

12 

20 

mA 

Input Noise Voltage 

e N 

R g =0, BW (-3 dB) =20 to 20,000 Hz 

- 

2 

- 

AtV 

Bias Current 

>IB 


- 

0.4 

- 

ma 

Output Power 

p O 

f=1 kHz, R L =4ft, THD = 10% 

V + = 14.4 V 

- 

6 

- 

w 

V + = 6 V 

- 

1 

- 

Input Resistance 

R l 


- 

5 

- 


Total Harmonic Distortion 

THD 

P o =50 mW to 3W, R L 4 £2, f = 1 kHz 

- 

0.3 

- 

% 

Open-Loop Voltage Gain 

a OL 

R L = 4ft,f = 1 kHz 

- 

80 

- 

dB 

Closed- Loop Voltage Gain 

A 

R L = 4S2,f = 1 kHz, Rl = 56 £2 

34 

37 

40 

dB 

Efficiency 

V 

P 0 =5W, R L = 4£2, f = 1 kHz 

- 

70 

- 

% 
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LINEAR INTEGRATED CIRCUITS 


CA810Q, CA810QM 



92CS-25042 


Fig 4 - Bottom view of printed-circuit boards 
shown in Figs. 5 and 6. 



Circuit heat is dissipated by a combination of free air 
and printed-circuit board foil. 


Fig. 5 — Component view of printed-circuit board for CA810Q. 



.-#• > 92CS-24919 

Circuit arrangement for use with chassis having a thermal 
resistance of ^ 5°C/W. Vertical bracket should make 
good thermal contact to chassis. 

Fig. 6 - Component view of printed-circuit board for CAB10QM. 


The thermal-limiting network incorporated in the CA810 Series temperatures and/or excessive dissipation, e.g., as encountered 
circuits provides protection against damage due to excessive in sustained overloads. As indicated in Fig. 7, the thermal- 
semiconductor temperatures that may result from high ambient limiting feature automatically reduces the supply current (and 

output power) at the higher temperatures. 
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Fig. 7 — Typical output power and drain current vs. case temperature. 
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LINEAR INTEGRATED CIRCUITS 


CA920AE 


Preliminary Data 


TV Horizontal Oscillator 


For Colour and Monochrome Receivers 

The RCA-CA920AE* is a silicon monolithic 
integrated circuit intended for use in the 
horizontal stages of colour and monochrome 
television receivers. This device performs 
the functions of a sync separator, noise gate, 
and horizontal oscillator with dual-time-con- 
stant switching in the fly-wheel loop. It 
also generates automatic phase control be- 
tween horizontal flyback pulses and the 
horizontal oscillator frequency and provides 
fast edge switching drive for transistor or 
thyristor horizontal output stages. 


The CA920AE is compatible with the indus- 
try type TBA920 in both lead arrangement 
and electrical operation, although the CA- 
920AE features reduced operating current. 

The CA920AE is supplied in the 16-lead 
dual-in-line plastic package. 


^Formerly Dev. Type No. TA6773. 


Features: 

■ Sync separator 

■ Noise gate input 

■ Internal precision timing ramp 

■ Dual-time-constant phase-locked loop 

■ Output suitable for transistor or 

thyristor deflection systems 

■ Reduced power dissipation 


ELECTRICAL CHARACTERISTICS at T A = 25°C, and Supply Voltage (V + ) = 12 V, 
Unless otherwise specified. See Fig. 1. 


MAXIMUM RATINGS, Absolute Maximum 
Values at T/\ = 25° C: 

DC SUPPLY VOLTAGE .... 13.2 V 

DEVICE DISSIPATION: 

Up to Ta = 55° C . . . . 750 mW 

Above Ta = 55°C Derate linearly at 7.9 mW/°C 
AMBIENT TEMPERATURE RANGE: 

Operating —40 to +85°C 

Storage -65 to +150°C 

LEAD TEMPERATURE (During soldering): 

At a distance not less than 1/32" (0.79 mm) 
from case for 10 seconds max. . +265 °C 


TOP VIEW 


POSITIVE ^ 

SUPPLY VOLTAGE (V + )(Y)- — 

HORIZONTAL OUTPUT DRIVE (2) 

HORIZONTAL FLYBACK PHASE/}) 

CONTROL INPUT / 

PHASE DETECTOR OUTPUT (?) 

HORIZONTAL FLYBACK PULSE (?) 

SHAPED-SYNC PULSE INPut(6) 

C SYNC°PULSE OUT PUT (?) 

VIDEO SIGNAL INPUT (5) 


(l?) GROUND (V - ) 

(l5) OSCILLATOR FREQUENCY 

V “ y CONTROL 

— /|4) RAMP- PRODUCING 
CAPACITOR 

@ OSCILLATOR DECOUPLING 

(l2) PHASE DETECTOR 

OUTPUT 

(TT) DUAL MODE FLYWHEEL FILTER 1 

TIME CONSTANT CONTROL 

H kS) COINCIDENCE DETECTOR 
DECOUPLING 

(?) NOISE GATE INPUT 


92CS-27479 


TERMINAL ASSIGNMENT 


CHARACTERISTIC 

TEST 

LIMITS 

UNITS 

CONDITIONS 

Min. 

Typ. 

Max. 

Supply Current, Term. 1 , I + 

Term. 2t>pen 


22 


mA 

Video Characteristics (Term. 8 ): 






Input Voltage Vg 

Peak to peak 

1.5 

3 

6 

V 

Input Current 18 

Peak 



10 

mA 

Noise Gate Characteristics 






(Term.9): 

Input Current Ig 


0.03 


10 

mA 

Reverse Input Current Ig 




-10 

mA 

Horizontal Flyback Positive 






Pulse Characteristics (Term. 5): 
Input Voltage V 5 


1 


3 

V 

Input Current I 5 


0.05 

1 

10 

mA 

Input Impedance Z 5 



0.4 


k !2 

Positive Sync Characteristics 






(Term.7): 

Output Voltage V 7 

Peak to peak 


10 


V 

Output Impedance Z 7 

Leading edge 


50 


12 

Output 1 mpedance Z 7 

Trailing edge 


100 


12 

Horizontal Output Charac- 






teristics (Term. 2): 

Output Current I 2 MAX 

Peak 



200 

mA 

Output Current I 2 AV 

Average 



20 

mA 

Output Pulse Width tyy 


12 


32 

MS 

Output Impedance Z 2 

Leading edge 


2.5 


12 

Output 1 mpedance Z 2 

Trailing edge 


15 


12 

Horizontal Oscillator Char- 






acteristics (Term. 15): 
Free-Running Frequency f Q 

No sync input 

14.84 

15.625 

16.41 

kHz 

Free-Running Frequency f Q 

V+ = 4.5 V 

14.06 

(Note 1) 

17.19 

kHz 

Oscillator Cut-out Voltage 

V* - varied 


4.0 


V 

Oscillator Pull-in Range 



± 1.0 


kHz 

Phase Control (Note 2) 




15 

Ms 


Note 1: Free-running frequency at 12 V adjusted to 15.625 kHz. 

Note 2: External delay between the leading edge of output pulse at Term. 3 and the start of 
the horizontal flyback pulse. 


I 
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LINEAR INTEGRATED CIRCUITS 


CA920AE 


COMPOSITE 

SYNC 

OUTPUT 



HOR- PULSE 
INPUT 


HOR- 

DRIVE 

OUTPUT 12 V 



IOK 


Fig. 1 — Functional block diagram of the CA920AE with typical 
peripheral circuitry. 
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LINEAR INTEGRATED CIRCUITS 


CA1310E 


RC Phase-Locked -Loop 
Stereo Decoder 

For FM Multiplex Systems 


Features: 

■ Low distortion (THD): 0.3% typ. 

■ Excellent SCA (sto recast) rejection: 75 dB typ. 

■ RC oscillator 

■ High audio channel separation: 40 dB 

■ Operates from a wide range of power supplies: 8 to 14 V dc 

■ Requires only one adjustment for complete alignment 

■ Drives a stereo indicator lamp up to 75 mA — 
surge current limiting 


19 kH» 



Fig. 1 — Functional block diagram system using the CA 1310E. 


9ZCS-23S00 


RCA-CA1310E is a monolithic silicon integrated circuit RC 
phase-lock-loop stereo decoder intended for FM solid-state 
stereo multiplex systems. 

The CA1310E is a direct replacement for industry types 
MC1310P, LM1310, and SN761 15N. 

This decoder uses a minimum of external components. In 
addition the stereo decoder requires only one adjustment 
(oscillator frequency) for complete alignment. 

The CA1310E is supplied in a 14-lead dual-in-line plastic 
package and operates over an ambient temperature range of 
-40 to +85°C. 


MAXIMUM RATINGS, Absolute-Maximum Values 


at T a = 25°C 

DC Supply Voltage 14V 

Current (Lamp) at Term. 6 75 mA 

Device Dissipation: 

Up to T A = 25°C 625 mW 

Above T a = 25°C derate linearly 5 mW/°C 

Ambient Temperature Range: 

Operating —40 to +85°C 

Storage -65 to +150°C 

Lead Temperature (During soldering): 

At distance not less than 1/32" (0.79 mm) 

from case for 10 s max +265°C 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS (Referenced to Fig. 3) 


LIMITS 

UNITS 

V + = 12 V T A = 25°C 

Composite Multiplex Input Signal - 
560 mV RMS (2.8 V p-p) 

Only L or R Channel modulated; and 
with 100-mV RMS (10%) Pilot Level 


Min. 

Typ. 

Max. 

j Static Characteristics j 

DC Supply Voltage 

For 8-V operation, reduce load to 2.7 kfi 

8 

- 

14 

V 

Total Current 

Lamp "OFF" 

_ 

13 

- 

mA 

| Dynamic Characteristics | 

Input Impedance 


20 

50 

_ 

kS2 

Channel Separation (Stereo) 

50 Hz - 15 kHz 

30 

40 

- 

dB 

Audio Output Voltage (For any 
one channel) 


_ 

485 


mV RMS 

Channel Balance 
(Monaural) 

Pilot Tone "OFF" 

- 

~ 

1.5 

dB 

Capture Range (Permissible tuning 
error of internal oscillator) 


- 

±3.5 

- 

% 

Total Harmonic Distortion 


- 

0.3 

- 

% 

Ultrasonic Frequency Rejection: 

19 kHz 



34.4 


dB 

38 kHz 


- 

45 

- 

dB 

SCA (Storecast) Rejection 

f = 67 kHz, 9-kHz beat note measured 
with 1-kHz modulation "OFF" 

- 

75 

- 

dB 

Stereo Switch Level : 

19-kHz Input Level (For lamp on) 


_ 

_ 

20 

mV RMS 

19-kHz Input Level (For lamp off) 


5 

- 

- 

mV RMS 

Maximum Composite (Stereo) Input 

0.5% THD 

2.8 

- 

- 

Vp-p 

Maximum Monaural Input 

1% THD 

2.8 

- 

r - 

Vp-P 


l 
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LINEAR INTEGRATED CIRCUITS 


I 


CA1310E 



Fig. 2 — Schematic diagram of the CA 131 OB. 



RESISTANCE VALUES ARE IN OHMS. 
CAPACITANCE VALUES ARE IN MICROFARADS. 


92CS-2350I 


NOTES 

A buffered 3-volt positive-going square wave is available at Term. 10. 

The alignment of the free-running oscillator frequency may be checked 

at this point with a frequency counter. 

Cl: A lower value input coupling capacitor may be used in place of 
the 2-/iF value if reduced separation at low frequencies is acceptable. 

C4: The time constant for the stereo switch level detector circuit is 
calculated by C4 x 53,000 ohms ±30% with a maximum dc 
voltage drop across C4 of 0.25 volt (Term. 8 positive) and a 
pilot level voltage of 100 mV RMS. Signal voltage across C4 
is negligible. 

C5: The recommended 0.05 /iF capacitor provides a 1.75° phase 
lead at 19 kHz. 

R1 , R2: Load resistance values are related to supply voltage as follows: 

Minimum Supply Voltage 8 10 12 V 

Maximum Load Resistance 2.7 4.3 6.2 kJ2 

R3, C6, C8: C8 may be omitted, R3 = 100 ohms and C6 = 0.25 jzF, 
if relaxed circuit performance is acceptable. 

R4, R5, C7: If a capture range greater than ±3% typ. is required, 
reduce value of C7 and increase values of R4, R5 pro- 
portionally. However, beat-note distortion is increased 
at high signal levels because of oscillator-phase jitter. 
R4, C7 = ±1% in test circuit and ±5% in typical application. 


Fig. 3 — Test circuit for measurement of dynamic characteristics. 
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LINEAR INTEGRATED Cl RCUITS 


i 


CA1352E 

TV Video I F Amplifier 

With AGC and Keyer Circuit 

The RCA-CA1352E is a monolithic integrated circuit designed for 
use as an if amplifier in monochrome or color TV receivers. It 
features a high-gain gated AGC system with a 68-dB range 
(typ.). A delayed forward AGC output is adjustable by means 
of a potentiometer. Either positive- or negative-going sync may 
be used for this system. 

The CA1352E is supplied in the 14-lead dual-in-line plastic 
package, and is directly interchangeable with the industry type 
1352 in similar packages. 


Features 

■ High 45-MHz gain - 53 dB (typ.) 

■ High-gain gated AGC system — with either positive- or 
negative-going sync. 

■ Adjustable rf AGC delay to tuner 

■ AGC gain reduction - 68 dB (typ.) 


MAXIMUM RATINGS, Absolute-Maximum Values 
At T a = 25 


SUPPLY VOLTAGE: 

Between terminals 4 and 11 18 V 

Between terminals 7 or 8 and 4 18 V 

INPUT VOLTAGE (terminal 1 or 2) 10 V p-p 

AGC INPUT VOLTAGE (terminal Bor 10) 6 V 

DEVICE DISSIPATION: 

Up to T A = 55°C 750 mW 

Above T a = 55°C derate linearly at 7.9 mW/ C 

AMBIENT TEMPERATURE RANGE: 

Operating —40 to +85 C 

Storage —65 to +150 C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 in. (1 .59 ±0.79 mm) 

from case for 10 seconds max +265 C 


TYPICAL STATIC CHARACTERISTICS 
at T a = 25°C, V + = 1 2 V 


Total Current (1 7 + Ig + l n ) 27 mA 

Output Stage Current (l 7 + lg) 5.7 mA 


TYPICAL DYNAMIC CHARACTERISTICS 
at T a = 25°C, V + - 1 2 V 


AGC Range 68 dB 

Power Gain 53 dB 

Minimum rf AGC Range (term. 12) 0.2 V 

Maximum rf AGC Range (term. 12) 7 V 



IF 

OUTPUT 



SYNC 

POLARITY 

X 

VOLTAGE AT 
TERMINAL 6 

* 

VOLTAGE AT 
TERMINAL 10 

X 

VALUE OF 
Rl-ft 

NEGATIVE 

5.5 V 

u~~ 

*— *— 2 V 
0 V 

1 TO 4 V 

N0M = 2 V 

O 

POSITIVE 

1 TO 8 V 
N0M=4.5 

_nr 

0 V 

3.9 k 


92CS— 24I36RI 


Fig. 1 - CA 1352E block diagram and typical AGC test set-up. 






LINEAR INTEGRATED CIRCUITS 


CA1391E, CA1394E Preliminary Data 

TV Horizontal Processors 

CA1391E — Positive Horizontal Sawtooth Input 
CA1394E — Negative Horizontal Sawtooth Input 


The RCA-CA1 391 E and CA1 394E are mono- 
lithic integrated circuits designed for use in 
the low-level horizontal section of mono- 
chrome or color television receivers. Func- 
tions include a phase detector, an oscillator, 
a regulator, and a pre-driver. 


The CA1391E and CA1394E are electrically 
equivalent and pin compatible with industry 
types 1391 and 1394 in similar packages. 
These types are supplied in an 8-lead dual-in- 
line plastic (Mini-DIP) package, and operate 
over an ambient temperature range of 0 to 
+85°C. 


Features: 

■ Internal shunt regulator 

■ Linear balanced phase detector 

■ Preset hold control capability 

■ ±300-Hz pull-in (typ.) 

■ Low thermal frequency drift 

■ Small static phase error 

■ Variable output duty cycle 

■ Adjustable dc loop gain 

ELECTRICAL CHARACTERISTICS 
At T a = 25 °C 


MAXIMUM RATINGS, Absolute-Maximum 
Values a t = 25° C 

DC SUPPLY CURRENT 40 mA 

DC OUTPUT VOLTAGE 40 V 

DC OUTPUT CURRENT 30 mA 

SYNC INPUT VOLTAGE 5V p . p 

SAWTOOTH INPUT VOLTAGE . . . 5V p . p 

DEVICE DISSIPATION: 

Up to T a = 25°C 625 mW 

Above T a = 25°C derate linearly . 5 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating 0 to +85°C 

Storage — 65to+150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1 /1 6 ± 1 /32 in. 

(1 .59 ± 0.79 mm) from case 

for 10 seconds max +260°C 

THERMAL RESISTANCE . . . . 200°C/W 



CHARACTERISTIC 

TYP. VALUE 

UNITS 

DC Supply Voltage 

8.6 

V 

DC Supply Current 
(Term. 6) 

20 

mA 

Col lector-to-E mi tter 
Saturation Voltage 
at Term. 1 
(l| =20 mA) 

0.15 

V 

Static Phase Error 
(Af = 300 Hz) 

0.5 

V s 

DC Input Voltage 
(Term. 4) 

2 

V 

Oscillator Pull-in 
Range 

±300 

Hz 

Oscillator Hold-in 
Range 

±900 

Hz 


i 


Fig. 1 — Schematic diagram of CA 1391 E r CA 1394E. 
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LINEAR INTEGRATED CIRCUITS 


CA1391E, CA1394E 


PHASE 

DETECTOR OSCILLATOR 

OUTPUT V+ - TIMING 



SYNC 

INPUT 


GROUND 


92CS- 25647 


Fig. 2 - Functional block diagram of the CA 1391E, CA 1394B. 
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LINEAR INTEGRATED CIRCUITS 


CA1398E 


Television Chroma Processor 


RCA-CA1398E is a monolithic silicon integrated-circuit chroma 
processor containing chroma-amplifier and gain-control, color- 
killer, color subcarrier oscillator, hue control, and ACC circuitry. 
It has been designed for interchangeability with other "1398"- 
type chroma-processor devices. It functions compatibly with 
the RCA-CA3125E Chroma Demodulator as well as other com- 
mercially available chroma demodulators in color-TV receivers. 
Fig. 2 shows a functional block diagram of a 2-package TV 
chroma system incorporating the CA1398E and CA3125E. The 
CA1398E is supplied in a 14-lead dual -in-line plastic package. 



Features 

■ Minimum number of external components required 

■ Injection-lock oscillator with internal feedback 

■ DC chroma gain control and hue control circuits 
• Low-impedance internal voltage regulation 



92CL - 22548 


Fig. 2 — TV chroma system functional block diagram. 


Maximum Ratings, Absolute-Maximum Values at * 25° C 


Peak Horizontal-Pulse Input Current 250 pA 

Supply Current (Terminal 14) 35 mA 

Ambient Temperature Range; 

Operating —40 to +85°C 

Storage —65 to +150° C 

Lead Temperature (During Soldering) : 

At distance 1/16" ± 1/32" (1.59 ±0.79 mm) 

from case for 10 s max. . 265 C 


ELECTRICAL CHARACTERISTICS at T A - 25°C and Referenced to Test Circuit (Fig. 4) 


CHARACTERISTIC 

TERMINAL 

MEASURED 

AND 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

SWITCH 

POSITION 

(SI) 

CONTROL S 

ETTING 

V BURST 

mVp-p 

v CHROMA 
mV p-p 

MIN. 

TYP. 

MAX. 

CHROMA HUE 

KILLER 


Static Characteristics 


Regulated Supply Voltage 

V t4 

2 

max. 

max. 

max. 

0 

0 

8.9 

9.5 

11.5 

V 

Chroma Output Bias 

V14 to V2 

2 

max. 

max. 

max. 

6 

0 

1.2 

2.4 

3.6 

V 

Regulator Impedance 

See Note 1 

2 

max. 

max. 

max. 

0 

0 

- 

12 

25 

n 


Dynamic Characteristics (Refer to Test Set-Up Procedure for Oscillator) 


Max. Chroma Gain 

V 2 

1 

max. 

max. 

See Note 2 

6 

5 

310 

425 

- 

mV p*p 

Min. Chroma Gain 

V 2 

1 

min. 

max. 



6 

5 

- 

- 

7 

mV p-p 

ACC Action 

V2 (dB up 
from gain test) 

1 

max. 

max. 



50 

50 

2 

7 

11 

dB 

killer Function: 

Kill 

V2 

2 

max. 

max. 



0 

5 

_ 

_ 

7 

mV p-p 

Unkill 

V 2 

1 

max. 

max. 



'15 

5 

100 

- 

- 

mV p-p 

Oscillator Lock-Up: 

Voltage 

Vl3 

1 

max. 

max. 



6 

0 

250 

340 

390 

mV p-p 

_ / Referenced \ 
""“Uburs, ) 

013 

1 

max. 

max. 



6 

0 

-20 

0 

+20 

degrees 

Hue Control Range: 

Voltage 

Vi3 

1 

max. 

min. 



6 

0 

250 

340 

390 

mV p-p 

/ Referenced \ 
Phase 1 . ] 

\ to burst / 

013 

1 

max. 

min. 



6 

0 

95 

110 

140 

degrees 


Note 1 — Measure V 14 at I SUPPLY = 38 mA and 18 mA. Calculate the regulator impedance: 

Z reg. = [V 14 (al 38 m A)-V 14 18 mA»)/0.02 

Note 2 — Increase the killer potentiometer resistance from minimum until the circuit unkills. This condition is evidenced by a shift in bias voltage at Term.i 2 
Maintain this potentiometer setting for all the dynamic tests. 
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LINEAR INTEGRATED CIRCUITS 


CA1398E 



TEST SET-UP PROCEDURE FOR OSCILLATOR 

Remove the horizontal keying and chroma inputs and adjust 
Cx to obtain a free-running oscillator frequency of 3.579545 


MHz ±10 Hz. Under the same Test Conditions described in the 
Electrical Characteristics Chart for Oscillator Lock-Up, vary LI 
(approx. 20 n H) and/or Cl (approx. 1000 pF) to obtain the 
initial conditions for amplitude and phase oscillator lock-up. 


V+-20 V 




Fig. 4 - Typical static and dynamic characteristics test circuit for the CA 1398E. 
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LINEAR INTEGRATED CIRCUITS 


CA1541D 

Dual-Input Memory Sense Amplifier 


RCA-CA1541D , a monolithic silicon integrated circuit, is a 
dual-input memory sense amplifier intended for core memory 
applications. 

The sense amplifier, consisting of two differential input 
amplifiers, a common second stage amplifier, and an output 
logic gate (See Fig. 1), converts low-level core-memory "1" 
pulses to saturated logic-level output pulses. Either one of 
the input amplifiers may be gated ON with a saturated 
logic signal so that an incoming "1” pulse of positive or 
negative polarity can be detected from either of two sense 
lines. 


The CA1541D features an external switching threshold 
adjustment, plus its gate and strobe inputs are compatible 
with saturated logic levels. The sense amplifier is suitable for 
operation with core memories having cycle times equal to or 
greater than 0.4 gs and is unilaterally interchangeable with 
industry types 1 541 L and 1 441 . 

TheCA154lD is supplied in 14-lead dual-in-line ceramic 
package and is rated for operation over the full military 
temperature range of -55°C to +125°C. 


Features 

* Complete dual input core memory sense amplifier 

■ Two available outputs: —Saturated logic output 

— Linear output (positive outputfor 
either polarity input) 

■ Nominal threshold voltage: 17 mV 

■ Adjustable threshold: 10 to 35 mV 

■ Low 'threshold uncertainty range: i-3 mV 

■ Fast overload recovery time: -Differential-Mode: 15 ns typ. 

-Common-Mode: 30 ns typ. 

■ Independent channel gate and strobe terminals compatible 
with saturated logic levels 

■ Suitable for core memories having cycle times > 0.4 g s 

■ Input offset voltage: 6 mV max. 


MAXIMUM RATINGS, Absolute Maximum Values, at T^ * 25°C 

Except for Differential Input Voltage, all voltages are measured with respect to ground (Term. 8). 


i 

DC Supply Voltage: 

V + (Term. 2) +10 V 

V‘ (Term. 7) -10 V 

Differential Input Voltage 1-5 V 

Common-Mode Input Voltage V 


"A" or "B"-Gate Input Voltage* - V’ to V* 

Strobe Terminal Voltage V' to +6V 

Output Terminal Load Current +25 mA 


Device Dissipation: 

Up to T A = 75°C 
Above T A = 75°C 

Ambient Temperature Range: 

Operating 

Storage 


750 mW 

Derate Linearly 8 mW/°C 


-55 to +125 °C 
-65 to +150 °C 


Lead Temperature (during soldering): 

At distance not less than 1/32 inch (0.79 mm) from 

o 

case for 10 seconds max +265 C 


♦ Note: The "A" or "8"-Gate Input Voltage is also referred to, as the Channel-Gate Input Voltage. 



Fig. 2 — Schematic diagram of the CA1547D. 

[ 



Fig. 1 — Functional block diagram of the CA 1 541 D. 
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Fig. 3 - Typical operational wave forms. 



Fig. 4 - Input bias (l/gj and input-offset current (l/g) 
test circuit. 
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LINEAR INTEGRATED CIRCUITS 


CA1541D 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

SYMBOLS 

TEST COND 

V+ = 5V. V~ 
V TH ADJ. = 

— 5V t 1%, 

(Term. 13) 

Cgj(-|-= 0.01 mF 

ITIONS 

= — 5V 

T A = 25°C 
(unless 
indicated 
otherwise) 

LIMITS 

MIN. | TYP. | MAX. 

UNITS 

[ Static (DC) Characteristic* j 

Power Dissipation 

PD 


- 

140 

180 

mW 

Input Offset Current 

*IO 


- 

1 

2 

P A 

Input Bias Current: 

T A * 25°C 

'IB 



- 

5 

25 

P A 

T A = — 55°C 



- 

- 

50 


Output Voltage: 

High 

V 0 H 

l 0 M = 200 /i A 

v 3 = v 4 = 

0 

3 

_ 

_ 

V 

Low - 

T A = 25°C 

T A = 125°C 

VOL 

V 14 = 5V. 

Ig = 10 mA 


- 

- 

350 


- 

- 

400 


Strobe Load Current 

'S 

Vi2 = 0 

- 

- 

1.5 

mA 

Strobe Reverse Current: 

T A = 25°C 

T a = 125°C 

'SR 

V 12 = 5V 

- 

- 

2 

PA 

- 

- 

25 

Input G^te Load Current 

'G 

< 

o 

< 

o 

- 

- 

2.5 

mA 

Input Gate Reverse Current: 

T a = 2S°C 

T a = 125°C 

•gr 

V 10 = v 1r = 5V 

- 


2 

PA 

- 

- 

25 

| Switching Characteristics | 

Input Threshold Voltage: 

T A = 25° C 

T a = -55 to 1 25°C 

V T H 


14 

17 

20 

mV 

12 

1 7 

22- 

Input Offset Voltage 

v .o 


- 

1 

6 

mV 

Input Gate Voltage: 

High 

V GH 

v 3 = V 5 = 25 mV, 

- 

1.6 

- 

V 

Low 

vgl 

V 4 = v 6 = 0 

- 

0.7 

- 

Common-Mode Range: 

Input Gate High 

V C M 


- 

±1.5 

- 

V 

Input Gate Low 


±1.5 


Differential-Mode Range: 

Input Gate High 

vqh 


- 

±600 

- 

mV 

- 

±1.5 

- 

V 

Input Gate Low 

v dl 

Propagation Deldy: 

Input to Amplifier Output 

*IA 

V 3 = 25 mV (pulsed 

V 12 = 2V 

). 

_ 

10 

15 

ns 

Input to Output 

‘IO 


- 

20 

30 

Strobe to Output 

*SO 

V 3 = V 4 = V 5 = V 6 = 0. 

V 12 = 2V (pulsed) 

- 

15 

20 

Gate Input to Amplifier Output 

l GA 

V n = 2V (pulsed) 

V 3 = 25 mV 


- 

10 

15 

Gate Input to Amplifier Input 

'Gl 


- 

30 

35 

Common-Mode Recovery Time: 

Input Gate High 

Input Gate Low 

*CMR 

V 3 = V 5 = 1.5 V 


- 

15 

30 

ns 


- 

15 

30 

Differential-Mode 

Recovery Time: 

Input Gate High 

Input Gate Low 

*DR 

V 3 = V 5 = 400 mV 


_ 

30 

_ 

ns 


- 

0 

- 


% 


DC SUPPLY VOLTAGE (V + ,V“)« 
THRESHOLD ADJUST VOLTAGE 

± 5 V 

rv TM (ADJ )1 - - 

5 V 


l 
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AMBIENT TEMPERATURE (T A > — *C 

92CS-I9396 


Fig. 7a - Input Vjy vs T/\. 



Fig. 7b - Input Vjpf vs. Vjy (ADJJ. 



Fig. 5 - Test circuit for measurement of low f\ V q{_ ) and 
high (V oh) output voltage levels. 



V + *5V 



S2 IN "b" 
WHEN S2 IN "b“ 


92CM- 19395 


Fig. 6- Threshold propagation delay / gate and input-offset 
test circuit with associated pulse wave forms. 



92CS-I9398 

Fig. 7c - Input Vjh vs V~. 
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LINEAR INTEGRATED CIRCUITS 


CA1541D 
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92CS-19399 


Fig. 7d - Input I/ 77 / vs. input pulse width. 


V C M 

OV 1 

/Y 

t r AND tfs*25 n* 

[. 10% 

OUTPUT (FOR INPUT 

LESS THAN COMMON- 
MODE INPUT RANGE ) 


MOO mV 


200 n* ► 

f CMR 



OUTPUT (FOR INPUT 
GREATER THAN COMMON- 
MODE INPUT RANGE) 




Fig. 8 - Common-mode input range test circuit with 
associated pulse wave forms. 


V + «5V 



associated pulse wave forms. 
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DC SUPPLY VOLTAGE (V + ,V)=i5V 

THRESHOLD ADJUST VOLTAGE [VTH (ADJ.)] = -5 V 
AMBIENT TEMPERATURE (T A )=25°C 
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92CS-I9402 

Fig. 10 - Input-output transfer characteristics. 


V + *5 V 




Fig. 11 - Strobe to output test circuit with associated 
pulse wave-forms. 



Fig. 12 - Gate input to amplifier input (tg/) test circuit 
with associated pulse wave forms. 



l 


Fig. 13 - Gate input to amplifier output (tg^) with 
associated pulse wave forms. 
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LINEAR INTEGRATED CIRCUITS 


CA2111AE, CA2111AQ 

FM IF Amplifier-Limiter and 
Quadrature Detector 

For FM IF and TV Sound IF Applications 

! The CA2111A, on a single monolithic chip, provides a multi- 
stage wideband amplifier-limiter, a quadrature detector, and an 
emitter-follower output stage. This device is designed for use 
in FM receivers and in the sound IF sections of TV receivers. 
In addition, an output terminal is provided which allows the 
use of the amplifier-limiter as a straight 60-dB wideband 
amplifier. 

The amplifier-limiter features the excellent limiting character- 
istics of 3 cascaded differential amplifiers. 

The quadrature detector requires only one coil in the asso- 
ciated outboard circuit and therefore, tuning is a simple 
procedure. 

A unique feature of the CA2111A is its exceptionally low 
AFC voltage drift over the full operating-temperature range. 
This device can be supplied in either dual-in-line or quad-in- 
line 14-lead plastic packages (CA2111AE and CA2111AQ, 
respectively). 

ELECTRICAL CHARACTERISTICS at T A = 25° C 


Features: 

■ Direct replacement for U LN21 1 1 A and MCI 357 

■ Good sensitivity: Input limiting voltage (knee) (400 
/LtV typ. at 10.7 MHz; 250 jiV typ. at 4.5 MHz 
and 5.5 MHz) 

■ Excellent AM rejection (45 dB typ. at 10.7 MHz) 

■ Provision for output from 3-stage IF amplifier section 

■ Low harmonic distortion 

■ Quadrature detection permits simplified single-coil tuning 

■ Extremely low AFC voltage drift over full 
operating- temperature range 

■ Minimum number of external parts required 



Fig. 1— Block diagram of CA21 1 1A and 
associated outboard components . 


MAXIMUM RATINGS, Absolute-Maximum Values at T^ m 2S°C 
DC Supply Voltage 

(between terminals 13 (V + ) and 7 (V - )] 16 V 

Device Dissipation: 

Up to T A = 60° C 

Above T a = 60°C 

Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering) 

At distance 1/16 ± 1/32 in. 

(1 .59 ± 0.79 mm) 
from case fori 0s max 



Fig. 2 l —AM rejection vs input voltage (4.5 MHz). 



Fig. 3 —AM rejection vs input voltage ( 5.5 MHz). 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

DC Voltage: 


V + - 12V 

- 

5.4 

- 


At Terminal 1 

Vi 

= 8V 

- 

3.7 

- 


At Terminals 4, 5, 6, 10 

V 4,5, 6, 10 

> 

00 

+ 

> 

- 

1.35 

- 

V 

At Terminals 2, 12 

v 2, 12 


— 

3.5 

" 


DC Current (into Terminal 13) 







At V + = 8V 



- 

14 

- 

mA 

At V + * 12 V 

*13 



16 

~ 


Amplifier Input Resistance 

r 4 


- 

7 

- 

k!2 

Amplifier Input Capacitance 

C 4 


- 

11 

- 

pF 

Detector Input Resistance 

r 12 


- 

70 

- 

k!2 

Detector 1 nput Capacitance 

C 12 

f 0 = 10.7 MHz 

- 

2.7 

- 

pF 

Amplifier Output Resistance 

R 10 


- 

60 

- 

12 

Detector Output Resistance 

"R? 


- 

200 

- 

12 

De Emphasis Resistance 

"14 


— 

8.8 


k!2 


DYNAMIC ELECTRICAL CHARACTERISTICS at T a - 25°C 
FM Modulation Frequency * 400 Hz, Source Resistance = 5012 




TEST CONDITIONS 


TEST CIR- 
CUIT OR 
CHARAC- 
TERISTIC 
CURVES 
FIG. NO. 

CHARACTERISTIC 

SYMBOL 

f Q = 10.7 MHz 

A/= ± 75 KHz 

f Q = 4.5 MHz 

Af = ± 25 KHz 

f Q = 5.5 MHz 

Af = ± 50 KHz 

UNITS 



V + = 

12V 

V + 

= 8V 

V + 

12V 

V + = 

12V 




LIMITS 

■ 

■ 



TYP. 

MAX. 

TYP. 

MAX. 

TYP. 

MAX. 

TYP. 

MAX. 

■ 

|| 

AMPL-LIMITER 








■ 




Input Limiting 
Threshold Voltage 

Vj(lim) 

(4) 

400 

600 

400 

600 

250 

400 

250 

400 

V 

(RMS) 

7, 6, 8, 9 

AM Rejection* * 

AMR(1) 

45 

- 

37 

- 

36 

- 

40 

- 

dB 

2,7,5, 6 

Ampl. Voltage GainA 

A v (10) 

55 

- 

55 

- 

60 

- 

60 

- 

dB 

7 

DETECTOR 












Recovered Audio* 
Output Voltage 

V 0 (AF) 

0) 

0.48 

- 

0.3 

- 

0.72 

- 

1.2 

- 

V 

(RMS) 

6, 7,8, 9 

Total Harmonic* 
Distortion 

THD(1) 

1 

- 

1 

- 

1.5 

- 

3 

- 

% 

7 


*Vj = 10 mV (RMS) AVj < 50 /LiV (rms) *100% FM, 30% AM 


600 mW 

derate linearly 6.7 mW/°C 

-55 to +125 °C 

-65 to +150 °C 


+ 265 °C 
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LINEAR INTEGRATED CIRCUITS 


CA2111AE, CA2111AQ 



Fig. 4 -Circuit schematic — CA 211 1A 



COMPONENT VALUES 

DETECTOR TRANSFER 

CHARACTERISTICS 

/. 


Cl 

R 1 

Q 

c 2 

c 3 

UPPER 

PEAK 

LOWER 

PEAK 

MHz 

pH 

pF 

Kil 

- 

pF 

pF 

MHz 

MHz 

4.5 

14 


120 

20 

30 

3 

0.003 

4.58 

4.42 

5.5 

8 


100 

20 

30 

3 

0.003 

5.63 

5.37 

10.7 

2 


120 

3.9 

20 

4.7 

0.01 

10.9 

10.5 


FM SIGNAL 
GENERATOR 
BOONTON 
202 H OR 
EQUIVALENT 


DISTORTION 
ANALYZER 
HEWLETT 
PACKARD 
, 3308 OR 

EQUIVALENT 


AC VTVM 
BALLANTINE 
314 


NOTE: 

Input to the quadrature coil can be from 
either terminal 9 or terminal 10. Terminal 
9 is normally used because it lessens the 
possibility of overloads during tuning. 

The use of terminal 10 increases the. 
-limiting sensitivity significantly and has 
been used successfully in these tests. 


92CS- 20771 



Fig. 5 —AM rejection vs input voltage ( 10. 7 MHz). 



Fig. 6 —Detected audio output vs input voltage ( 4.5 MHz). 



Fig. 7 —Test circuit. 


Fig. 8— Detected audio output vs input voltage (5.5 MHz). 



92CS-20767 


Fig. 9-Detected audio output voltage vs input voltage ( 10.7 MHz). 


Fig. 10- AFC voltage vs ambient temp. 



Fig. 1 1-Signal-to noise ratio vs input voltage. 


{ 
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LINEAR INTEGRATED CIRCUITS 


CA3000 


DC Amplifier 


• Designed for use in Communication, Telemetry, Instrumentation, and 
Data-Process ing Equipment 

• Balanced d i f ferent i a 1 -ampl i f ier configuration with controlled 
constant-current source to provide outstanding versatility 

• Built-in temperature stability for operation from -55°C to +I25°C 

• 10-Lead hermetic TO-5 style package 

• Companion Application Note, ICAN 5030 "Applications of RCA CA3000 
Integrated Circuit DC Ampl if ier" covers character ist ics of different 
operating modes, frequency considerations, 10 mhz narrow band 
tuned amplifier design, crystal oscillator design, and many other 
appl icat ion aids 


ABSOLUTE-MAXIMUM VOLTAGE LIMITS 

at T FA = 25°C 


OPERATING-TEMPERATURE RANGE . . -55°C to +125°C 

STORAGE-TEMPERATURE RANGE -65°C to +150°C 

LEAD-TEMPERATURE (During Soldering): 

At distance 1/16+1/32 inch (1.59 ± 0.79 mm) 

from case for 10 seconds max +265°C 


MAXIMUM POWER SUPPLY VOLTAGE - 16 or ± 8 V 

MAXIMUM SINGLE-ENDED INPUT-SIGNAL VOLTAGE . . ±4 V 

MAXIMUM COMMON-MODE INPUT-SIGNAL VOLTAGE . . ±2 V 

MAXIMUM DEVICE DISSIPATION: 

From — 55°C to 85°C 450 mW 

Above 85°C Derate 5 mW/°C 


HIGHLIGHTS 


• Input Impedance 195 1^1 typ. 

• Voltage Gain 30 dB typ. 

• Common-Mode Rejection Ratio .. . 98 dB typ. 

• Input Offset Voltage 1.4 mV typ. 

• Push-Pul 1 Input and Output 

• Frequency Capability 

DC to 30 MHz (with external C and R) 

• Wide AGC Range 90 dB typ. 


APPLICATIONS 

• Schmitt Trigger 

• RC-Coupled Feedback Ampl if ier 

• Mixer 

• Comparator 

• Modulator 

• Crystal Osci 1 lator 

• Sense Ampl if ier 


ELECTRICAL CHARACTERISTICS, at Tp* = 25°C, Vqc = +6V, = -6V, unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 
Terminals No. 4 & No. 5 Not 
Connected Unless Specified 

TEST 

CIRCUITS 

LIMITS 

TYPICAL 

TYPE 

CA3000 

CHARAC- 

TERISTICS 

CURVES 

Fig. 

Min. | Typ. | Max. | Units 

Fig. 

STATIC CHARACTERISTICS | 

input Offset Voltage 

V10 



- 

1.4 

5 

mV 

2 

Input Offset Current 

U° 



- 

1.2 

10 

mA 

2 

Input Bias Current 

IlB 



- 

23 

36 


3 

Quiescent Operating 

Voltage 

V8 

or 

VlO 

TERMINALS 







4 

5 







NC 

NC 


- 

2.6 

- 

V 

4 

NC 

VEE 


- 

4.2 

- 

V 

4 

VEE 

NC 


) - 

-1.5 

- 

V 

4 

VEE 

VEE 


- 

0.6 

- 

V 

4 

Device Dissipation 

P D 

NC 

NC 


- 

30 

- 

mW 

NONE 

DYNAMIC CHARACTERISTICS | 

Differential Voltage Gain 
Single-Ended Input 

*D IFF 

Single-Ended Output f * 1 kHz 

6 

28 

32 

- 

dB 

5 

Double-Ended Output f = 1 kHz 

6 

- 

38 

- 

dB 

5 

Bandwidth at -3 dB Point 

BW 

V, = 10 mV. R s = 1 kft 


- 

650 

- 

kHz 

7 

Maximum Output Voltage 
Swing 

VOUT(P-P) 

f = 1 kHz 

6 


6.4 

- 

V(P-P) 

NONE 

Common-Mode Rejection 

Ratio 

CMRR 

f = 1 kHz 

9 

70 

98 

- 

dB 

8 

Single-Ended Input 
Impedance 

ZlN 

f = 1 kHz 

11 

70K 

I95K 

- 

Q 

10 

Single-Ended Output 
Impedance 

ZOUT 

f = 1 kHz 

13 

5.5K 

8K 

I0.5K 

n 

12 

Total Harmonic Distortion 

THD 

R S =lkft f = 1 kHz V 0 =42V p .p 


- 

0.2 

5 

% 

14 

AGC Range (Maximum Voltage 
Gain to Complete Cutoff) 

AGC 

f = | ikHz 

15 

80 

90 

- 

dB 

NONE 


INPUT OFFSET VOLTAGE AND CURRENT vs TEMPERATURE 


STATIC CHARACTERISTICS FOR TYPE CA3000 
INPUT BIAS CURRENT vs TEMPERATURE 


AMBIENT TEMPERATURE (T A )— *C 

Fig.2 



AMBIENT TEMPERATURE (T A ) — *C 

Fig. 3 
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Resistance values ore in ohms 


Fig. I SCHEMATIC DIAGRAM 


QUIESCENT OPERATING VOLTAGE vs TEMPERATURE 



Fig. 4 
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LINEAR INTEGRATED CIRCUITS 


CA3000 


DYNAMIC CHARACTERISTICS AND TEST CIRCUIT FOR TYPE CA3000 


DIFFERENTIAL VOLTAGE GAIN vs TEMPERATURE 


I WSiTiVE U supply v6lT$ (v cc i - ■ 

I N$ATIVE DC SUPPLY VOLTS (V EE ) 
FREQUENCY If)* Ike/* 




iS^GLE-tENbEi)! QUTI 


-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — *C 


COMMON-MODE REJECTION RATIO vs TEMPERATURE 

H I I 1 H l~H POSITIVE DC SUPPLY VOLTS (Vcc) ~ + 6 1 } f j H ~ 

NEGATIVE DC supply VOLTS (V ee ) ' rrrrTT ~ 



-75 -50 -25 0 25 50 75 IOO 125 

AMBIENT TEMPERATURE (T A )— °C 


DIFFERENTIAL VOLTAGE GAIN AND MAXIMUM OUTPUT 
VOLTAGE SWING TEST CIRCUIT 


' T OSCILLOSCOPE 

v OUT (TEKTRONIX 

> I DOUBLE-ENDED TYPE 502.502A, 
N i OUTPUT OR 

jH — V EQUIVALENT) 

SINGLE- T? -t 


41—, ENDED 9 L 
oil output! 

"1 1 


Fig. 6 

COMMON-MODE REJECTION RATIO TEST CIRCUIT 



BANDWiDTH AT -3 dB POINT vs TEMPERATURE 


POSITIVE DC SUPPLY VOLTS lVcc> • +6 
NEGATIVE DC SUPPLY VOLTS (V EE ) * -6 


AMBIENT TEMPERATURE (T A )«-5S*C 














)*- 

55*C 









IZ 

5 


25 








































FREQUENCY (f)— MHi 

Fig. 7 


SINGLE-ENDED INPUT IMPEDANCE vs TEMPERATURE 

350U4 POSITIVE DC SUPPLY volts (v cc ). +6 MM l li UN 


COMMON-MODE REJECTION RATIO (CMR) « 20 log J 


25 50 75 100 125 

AMBIENT TEMPERATURE (T A )— “C 

92CS-I3<pe 


SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 


20 k 

a 

11% B 


1-kHr < 

SIGNAL S 90 " 

SOURCE V A 1 


Fig. 9 

SINGLE-ENDED OUTPUT IMPEDANCE vb TEMPERATURE 


Cl POSITIVE DC SUPPLY VOLTS (V cc ) * +6 

f NEGATIVE OC SUPPLY VOLTS (V EE ) 

T- o FREQUENCY (f‘ 


SINGLE-ENDED OUTPUT IMPEDANCE TEST CIRCUIT 


I V.T. V. M. 

VOUT (BALLANTINE 
(RMS) TYPE 314 


-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — *C 

92CS-I33CM 

Fig. 12 


TOTAL HARMONIC DISTORTION vs TEMPERATURE 

[POSITIVE DC SUPPLY VOLTS (V cc ) * +6 ff-f-ff f } | ) | } ) j 


AGC RANGE TEST CIRCUIT 


-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — *C 










LINEAR INTEGRATED CIRCUITS 


CA3001 


Video and Wide-band Amplifier 


• Designed lor use in Video Systems and Communication Equipment 

• Balanced differential amplifier configuration with controlled constant-current source 
provides outstanding versatility 

• 12-Lead Hermetic TO-5 Style Package 

• Built-in temperature stability for operation from -55°C to +125°C 

• Emitter follower input & output 

• Companion Application Mote ICAN5038 "Application of the RCA-CA3001 Integrated- 
Circuit Video Amplifier”, covers different operating modes, gain control, distortion, 
swing capability, 3 stage amplifier design, and a Schmitt trigger study. 


HIGHLIGHTS 


• Push-Pull Input & Output 


• AGC Rang* 

60 dB typ. 

• Bandwidth 

29 MHz 

• Input Rasistanca 

150 kO typ. 

• Output Rasistanca 

45 O typ. 

• Voltage Gain 

19 dB typ. 

• Input Offset Voltage .... 

1.5 mV typ. 

APPLICATIONS 

• Schmitt T rigger 

• DC, IF, & 

• Mixer 

Video 

• Modulator 

Amplifier 


ABSOLUT ^MAXIMUM VOLTAGE AND CURRENT LIMITS at Ta = 25°C 

Indicated voltage or current limits for each terminal can be applied under the specified conditions for other terminals. 
All Voltages are with respect to ground (common terminal of Positive and Negative DC Supplies). 


TERMINAL 

VOLTAGE OR 

CURRENT LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 




2, 6 

0 

1 

-2.5 

+2.5 

3, 10 

-6 




9 

+6 




L 6 

0 

2 

-8.5 

0 

3, 10 

-8.5 




9 

+6 




1, 2, 6 

0 

3 

-10 

0 

9 

+6 




10 

-6 




1, 2, 6 

0 

4 

-8.5 

0 

9 

+6 




10 

-6 




1, 2, 6 

0 

5 

-6 

0 

3, 10 

-6 




9 

+6 




1, 2 

0 

6 

-2.5 

+2.5 

3, 10 

-6 




9 



INTERNAL CONNECTION 


7 


DO NOT USE 




VOLTAGE OR 

i 


TERMINAL 

CURRENT LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 





1, 2, 6, 10 

0 




3 

-6 

8 

25 mA 

9 

+6 




200-O RESISTOR 




CONNECTED BETWEEN 

TERMINALS No. 8 & No. 10 




1,2,6, 10 

0 

9 

0 

+10 





3 

-6 




1, 2, 6 

0 

10 

-10 

0 

3 

-6 




9 

+6 




1, 2, 6, 10 

0 




3 

-6 

11 

25 mA 

9 

+6 




200-Q RESISTOR 
CONNECTED BETWEEN 

TERMINALS NalO&Nall 


INTERNAL CONNECTION 1 

12 


DO NOT USE 



CASE 

INTERNALLY CONNECTED TO TERMINAL No.3 

(SUBSTRATE) DO NOT GROUND | 


OPERATING TEMPERATURE RANGE -55°C to +125°C 

STORAGE TEMPERATURE RANGE -65°C to + 1 50°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM SINGLE-ENDED INPUT-SIGNAL VOLTAGE ±4V 

MAXIMUM COMMON-MODE INPUT-SIGNAL VOLTAGE ± 2.5 V 

MAXIMUM DEVICE DISSIPATION: 

-55 to 85°C 450 mW 

Above 85°C Derate linearly 5 mW/°C 



Fig .1 - Schematic Diagram. 



Fig.2 - Input offset voltage and current vs. temperature. 



Fig. 3 - Input bias current vs. temperature. 



S2CS-I3290RI 

Fig. 4 - Output offset voltage vs. temperature. 



Fig. 5 - Quiescent operating voltage vs. temperature. 



Fig. 6 - Device dissipation vs. temperature. 
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LINEAR INTEGRATED CIRCUITS 


CA3001 

ELECTRICAL CHARACTERISTICS, AT Ta = 25°C, Vcc = +6 V, VgE - -6 V 


POSITIVE DC SUPPLY VOLTS (Vcc>*+6 
NEGATIVE DC SUPPLY VOLTS <V EE )*-S 
FREQUENCY (f) * 1.75 MHz 


CHARACTERISTICS 
(See Page 2 for 
Definitions of Terms) 


STATIC CHARACTERISTICS: 
Input Offset Voltage 
Input Offset Current 
Input Bias Current 
Output Offset Voltage 


SPECIAL TEST CONDITIONS 
Terminals No.4 and No.5 
Not Connected 
Unless Specified 


TEST 

CIRCUITS 


LIMITS 

TYPE CA3001 


TYPICAL 

CHARAC* 

TERISTICS 

CURVES 


isfssssssssssss: 


Rs=1kfl 

TERMINALS 


Typ. | 

| Max. 

| Units 

1.5 


mV 

1 

10 

mA 

16 

36 

/jA 

54 

300 

mV 




























-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — >C 92CS-028T 

Fig. 7 - Differential voltage gain vs. temperature. 









LINEAR INTEGRATED CIRCUITS 


CA3001 




1. Adjust V E for VquT^C) “ 0 * 1 v 2. Moooure Vg ond record 0 „ 

input off Mt voitog* (Vjo) in n»v mu V£ Fig. 1 J - Input offset current and input bias current 

Vlo *iooo test circuit. 

Fig. 12 • Input offset voltage test circuit. 



-6V 

92CS-I3553 


* Separate tuned input circuits are used for 1.75 MHz and 11.7 MHz. 
Source- res istance matching taps adjusted with circuit tuned to 
resonance and with 50-ohm resistor connected to simulate 
noise diode. 

Fig. 14 . Noise figure test circuit. 


37-250 

P» 



Fig. 16 - AGC range test circuit. 



Fig. 15 ■ Common-mode rejection ratio test circuit. 
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LINEAR INTEGRATED CIRCUITS 


CA3002 


IF Amplifier 

• Designed for use in Communication Equipment 

• Balanced differential amplifier configuration with controlled constant-current source 
provides outstanding versatility 

• 10-Lead hermetic TO-5 style package 

• Built-in temperature stability for operation from -55°C to +125°C 

• Companion Application Note I CAN-5036 ‘Application of the RCA-3002 Integrated-Circuit 
IF Amplifier” covers different operating modes, cross modulation, gain control, 4-stage 
amplifier design, and an envelope and product detector analysis. 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, atT A 3 25°C 


COMMON-MODE INPUT SIGNAL VOLTAGE ±2 V 

MAXIMUM POWER SUPPLY VOLTAGE 16 V or ±8 V 

OPERATING-TEMPERATURE RANGE -55°C to +125°C 

STORAGE-TEMPERATURE RANGE -65°C to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE ±4V 

MAXIMUM DEVICE DISSIPATION: 

-55 to 85 °C 450 mW 

Above 85°C Derate linearly 5 mW/°C 


STATIC CHARACTERISTICS 


HIGHLIGHTS 

• Input Resistance 100 kQ typ. 

• Output Resistance ..... 70 Q typ. 

• Voltage Oain . . 24 dB typ. § 1.75 MHz 

• Push-Pull Input, Single-Ended Output 

• -3 dB Bandwidth 11 MHz typ. 

• AGC Range 80 dB typ. 

• Useful Frequency Ranqe DC to. .15 MHz 

APPLICATIONS 

• Product Detector • AM Detector 

• IF A Video • Schmitt Trigger 

Amplifier 



TEST CIRCUITS Fig. 1 — Schematic diagram. 



AMBIENT TEMPERATURE <T A )— *C 92CS-I3347 

Fig. 2 - Input unbalance voltage 6 current vs temperature. 



AMBIENT TEMPERATURE IT A > — »C 92CS-I3345 

Fig.3 - Input bias current vs temperature. 



92CS-I3562 

Fig. 4 - Quiescent operating voltage vs temperature. 


STATIC CHARACTERISTICS AND TEST CIRCUITS 


POSITIVE DC SUPPLY VOLTS IV C <;) * +6 
NEGATIVE DC SUPPLY VOLTS IV £E ) » - 
FREQUENCY It) >1.75 MHz 
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Fig. Se - Differential voltage gain vs temperature. 
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Fig. 5b - Differential Voltage gain vs frequency. 
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Fig. 6 - Bandwidth at -3 dB point vs temperature. 



LINEAR INTEGRATED CIRCUITS 


CA3002 


ELECTRICAL CHARACTERISTICS, ot T* =25°C, Vcc = * V, V EE = -« V 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 
TERMINALS No.3 & No.4 
NOT CONNECTED 
UNLESS OTHERWISE NOTED 

TEST 

CIRCUITS 

LIMITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

CA3002 

Fig. 

LHEHQEE3 

Fig. 

STATIC CHARACTERISTICS: 


1 

Input Offset Voltage 

Vio 


4 

- 

2.2 

• 

mV 

2 

Input Unbalance Current 

HU 




2.2 

10 

MA 

2 

Input Bias Current 

II 



- 

20 

36 

fj- A 

3 

Quiescent Operating 

Voltage 


MODE 

TERMINAL 








2 

4 

A 

VEE 

NC 


- 

2.8 

- 

V 

4 

B 

Vee 

vee 


- 

3.9 

- 

V 

4 

Device Dissipation 

ft 



• 

55 

- 

mW 

None 

DYNAMIC CHARACTERISTICS: 



Differential Voltage Gain 
(Single-Ended Input 
and Output) 

a DIFF 

V )N = 10 mV 
f = 1.75 MHz 
«S = 50f2 


19 

24 

* 

dB 

5 & .5 

Bandwidth at -3 dB Point 

BW 

R S = 5012, V|n = 10 mV 


* 

11 

* 

MHz 

6 

Maximum Output Voltage Swing 

VOUT(P-P) 

- 


- 

5.5 

• 

vp.p 

None 

Noise Figure 

NF 

f = 1.75 MHz R$ = 1 kO 

8 

* 

4 

8 

dB 

7 

Input Impedance Components: 
Parallel Input Resistance 

Rin 

f = 1.75 MHz 

None 


100k 


n 

None 

Parallel Input Capacitance 

*C|N 

f = 1.75 MHz 

None 

- 

4 

- 

PF 

None 

Output Resistance 

Rout 

1 = 1.75 MHz 

14 

- 

70 

- 

n 

9a & 9b 

AGC Range (Maximum Voltage 
Gain to Complete Cutoff 

AGC 

f = 1.75 MHz 

13 

60 

80 

- 

dB 

12 


Tf 

TT 




POSITIVE DC SUPPLY VOLTS (Vcc> 1 + 6 
NEGATIVE DC SUPPLY VOLTS (V EE ) * -6 
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Fig. 9a - Output resistance vs temperature. 


Fig. 9b - Output resistance vs frequency. 
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Fig. 7 - Noise figure vs source resistance . 


v cc 

+6V 



* Taps are adjusted to provide indicated equivalent values of R$ 
with tank tuned to resonance at 1.75 MHz, and a 50*12 resistor 
connected to simulate the noise diode. 

Fig. 8 - Noise figure. 



92CS-I3402 

Fig. 10 - Input level for - 30 dB intermodulation 
vs. temperature 



t) Increase both input-signal tones until the 2f2-f1 and 2f -| f2 output- 
signal voltages are 30 dB below the f | and f2 output-signal voltages. 

2) Measure rms values of the input and output signal voltages. 

3) The measured input signal voltage is that value when the 3rd-har- 
monic intermodulatio'* products are 30 dB below the fundamen- 
tal outputs. 

Fig. 1 1 - Intermodulation Test Circuit . 



92CS- 13401 


Fig. 12 - AGC range vs frequency. 



1) Set attenuator at 80 dB attenuation. 

2) Set variable dc supply voltage at 0 V. 

3) Increase signal input voltage until RF V.T.V.M. indicates 5 mV 
output. 

4) Set variable dc supply voltage at >6 V. 

5) Adjust attenuator until RF V.T.V.M. again indicates 5 mV output. 

6) Change in attenuator setting in dB is total AGC Range. 

Fig. 13- ACC range. 














LINEAR INTEGRATED CIRCUITS 


CA3004 

RF Amplifier 

• Designed for use in Communications Equipment 

• Balanced Differential-Amplifier Configuration with Controlled Constant-Current 
Source Provides Unexcelled Versatility 

• 12-Lead Hermetic TO-5 Style Package 

• Built-in Temperature Stability for Operation from -55° C to +125° C 

• Similar to RCA CA3005 and CA3006, plus Emitter-Degeneration Resistors 
to Provide More Linear Transfer Characteristic and Increased Input-Signal 
Handling Capability 

• Companion Application Note 1C AN 5022 "Application of RCA CA3004, CA3005, 
and CA3006 Integrated Circuit RF Amplifiers” covers characteristics of 
different operating modes, noise performance, cross-modulation, mixer, AGC, 
limiter, detector, and amplifier design considerations. 


ABSOLUTE-MAXIMUM VOLTAGE LIMITS, at t fa = 25°C 

Voltage limits shown for each terminal can be applied under the indicated circuit conditions for other terminals. 
All voltages are with respect to GROUND (common terminal of Positive and Negative DC Supplies) 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 


NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 

1 

NO CONNECTION 


7 

NO CONNECTION 




6 

0 


8 

NO CONNECTION 




12 

0 





2 

0 




3 

- 9.5 





3 

-6 

2 

- 9.5 

0 

9 

46 





6 

0 




10 

-*6 


9 

0 

+12 

10 

46 




11 

46 





11 

46 




2 

0 





12 

0 




6 

0 





2 

0 




9 

46 





3 

-6 

3 

-12 

0 

10 

46 





6 

0 




11 

46 


10 

0 

.12 

9 

46 




12 

0 





it 

46 




2 

0 





12 

0 




6 

0 





2 

0 




9 

46 





3 

-6 

4 

-12 

0 

10 

46 





6 

0 




11 

46 


11 

0 

+12 

10 

46 




12 

0 





1) 

46 




2,6,12 

3 

0 





12 

0 




-6 





2 

0 

5 

-6 

0 

9 

46 





3 

-6 




10 

46 





6 

0 




11 

46 


12 

-3.5 

+3.5 

9 

46 




2 

0 





10 

46 




3 

-6 





11 

46 


- 3.5 

+3.5 

9 

46 


CASE 

INTERNALLY CONNECTED TO TERMINAL 

6 

10 

46 



N0.3 (SUBSTRATE) DO NOT GROUND 




11 

46 










12 

0 







OPERATING-TEMPERATURE RANGE 

STORAGE-TEMPERATURE RANGE 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max 

MAXIMUM SINGLE-ENDED INPUT- 

SIGNAL VOLTAGE 

MAXIMUM COMMON-MODE INPUT- 

SIGNAL VOLTAGE 

MAXIMUM DEVICE DISSIPATION 


-55°C to +1 25°C 
-65 °C to +I50°C 


. . . . +265°C 

. . . . ±3.5 V 

. . . . -2.5 V, +3.5 V - 
.... 300 mW 


e Push-Pull Input and Output 
e Wide and Narrow- Band Amplifier 

• AGC 

• Detector 

a Operation from DC to 100 Mc/s 

• Mixer 

• Limiter 

• Modulator 

• RF, IF, and Video Frequency 
Capability 


SCHEMATIC DIAGRAM FOR CA3004 


SEE NOTE 



NOTE: Connect Terminal No. 10 to most 
positive de supply voltage used for 
circuit. 


Fig. 1 


TYPICAL STATIC CHARACTERISTICS AND 
TEST CIRCUITS FOR TYPE CA3004 
(Figs. 2 to 8) 


INPUT OFFSET VOLTAGE AND CURRENT 
VS TEMPERATURE 



92CS-I3302 

Fig- 2 


INPUT BIAS CURRENT VS TEMPERATURE 



MCS-I39M 

Fig.3 
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LINEAR INTEGRATED CIRCUITS 


CA3004 


ELECTRICAL CHARACTERISTICS, at Tp^ = 25° C, Vqq = W, Vpp = -6 V unless otherwise specified 







LIMITS 

TYPICAL 

CHARACTERISTICS 


SPECIAL TEST CONDITIONS 

TEST 


TYPE 


CHARAC- 

TERISTICS 

SYMBOLS 



CIRCUIT 



« 


Terminals No.4 and No. 5 Open 





CURVES 



Unless Otherwise Specified 

Fig. 

Min. 

Typ. 

Max. 

Units 

Fig. 

STATIC CHARACTERISTICS | 

Input Offset Voltage 

Vio 


Fig.4 

- 

1.7 

5 

mV 

Fig.2 

Input Offset Current 

40 


Fig.5 

- 

0.125 

5 

mA 

Fig.2 

Input Bias Current 

h 


Fig.5 

- 

21 

40 

m-A 

Fig. 3 



TERMINALS 









4 

5 







Quiescent 

l 9 

NC 

NC 

Fig-8 

- 

1 

- 

mA 

Fig-6 

Operating 

Current 

or 

111 

V E E 

NC 

Fig.8 

- 

2.7 

- 

mA 

Fig.6 


NC 

VEE 

Fig.8 

- 

0.45 

- 

mA 

Fig.6 



< 

m 

m 

v E e 

Fig.8 

- 

1.25 

- 

mA 

Fig.6 

Quiescent Operating 

Current Ratio 

V T n 


Fig.8 

- 

1.1 

- 

- 

Fig. 7 

Device Dissipation 

Pt 


Fig.8 

- 

26 

- 

mW 

NONE 

DYNAMIC CHARACTERISTICS 

Power Gain 

G p 

f = 100 Mc/s 

Fig. 11 

10 

12 

- 

dB 

Fig.9 

Noise Figure 

NF 

f = 100 Mc/s 

Fig. 11 

- 

6.3 

9 

dB 

Fig..lO 

Common Mode 

Rejection Ratio 

CMR 

f = 1 Kc/s 

Fig. 13 

- 

98 

- 

dB 

Fig. 12 

AGC Range (Max. Voltage 









NONE 

Gain to Complete Cutoff) 

AGC 

f = 1.75 Mc/s 


Fig. 14 

-60 


- 

dB 


DEFINITIONS OF TERMS 


Input Offset Voltage 

The difference in the dc voltages which must be applied to the input 
terminals to obtain equal quiescent operating voltages (zero output 
offset voltage) at the output terminals. 


Input Offset Current 

The difference in the currents at the two input terminals when the 
quiescent operating voltages at the two output terminals are equal. 

Input Bios Current 

The average value (one-half the sum) of the currents at the two 
input terminals when the quiescent operating voltages at the two 
output terminals are equal. 


Quiescent Operating Current 

The average (dc) value of the current in either output terminal. 


Quiescent Operating Current Ratio 

The ratio of the Quiescent operating currents in the two output 
terminals. 


Device Dissipation 

The total power drain of the device with no signal applied and no ex- 
ternal load current. 


Power Gain 

The ratio of the signal power developed at the output of the device 
to the signal power applied to the input, expressed in dB. 

Noise Figure 

The ratio of the total noise power of the device and a resistive 
signal source to the noise power of the signal source alone, the 
signal source representing a generator of zero impedance in series 
with the source resistance. 

Common-Mode Rejection Rotio 

The ratio of the full differential voltage gain to the common-mode 
voltage gain. 

Common-Mode Voltage Gain 

The ratio of the signal voltages developed between the two output 
terminals to the signal voltage applied to the two input terminals 
connected in parallel for ac. 

Differential Voltage Gain 

The ratio of the change in output voltage at either output terminal 
with respect to ground, to a change in input voltage at either input 
terminal with respect to ground, with the other input terminal at 
ac ground. 

AGC Range 

The total change in voltage gain (from maximum gain to complete 
cutoff) which may be achieved by application of the specified range 
of dc voltage to the AGC input terminal of the device. 


INPUT OFFSET VOLTAGE TEST CIRCUIT 



INPUT OFFSET CURRENT AND BIAS CURRENT 
TEST CIRCUIT 



Fig. 5 


QUIESCENT OPERATING CURRENT VS TEMPERATURE 


POSITIVE DC SUPPLY VOLTS (V cc ) • +6 
NEGATIVE DC SUPPLY VOLTS (V EE )» -6 

TERMINALS No. 4 6. No. 9 

CONNECTED TO V EE 

TERMINALS No. 4 £ No. 9 OPEN 


-79 -90 -29 O 29 90 79 

FBFF-AIP TEMPERATURE (Tfa)- 


Fig.6 


QUIESCENT OPERATING CURRENT RATIO 
VS TEMPERATURE 



92CS-I3304 


Fig. 7 


TEST CIRCUIT FOR TYPE CA3004 


QUIESCENT OPERATING CURRENT, QUIESCENT 
OPERATING CURRENT RATIO, AND DEVICE 
DISSIPATION TEST CIRCUIT 



P T = Vqq (Ig +Ijo +Ill) +VeeI3 
Fig.8 
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LINEAR INTEGRATED CIRCUITS 


CA3004 

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA3004 (Figs. 9 to 14) 


POWER GAIN VS FREQUENCY 


NOISE FIGURE VS FREQUENCY 


POSITIVE OC SUPPLY VOLTS IV C C> * +« 
NEGATIVE OC SUPPLY VOLTS <V EE ) • -6 
FREE -AIR TEMPERATURE (Tfa) • 23*C 
SOURCE IMPEDANCE (R,> - SO O 

LOAD IMPEDANCE (Rl) - SO ft 







» 

















V. _ 






1 M 
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2 19 
i » 

a 9 

_ o 
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. i 



II 


FREQUENCY (f) — Mc/a 

•2CS-BMS 


POSITIVE DC SUPPLY VOLTS lVcc> ' +® 
NEGATIVE DC SUPPLY VOLTS (V EE >- -6 
FREE -AIR TEMPERATURE (T PA ) . 2S*C 
SOURCE RESISTANCE (R.) - SO 0 
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s # 












s 5 

49 
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7^ 
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FREQUENCY (f » — Mc/« 

KCS-I33TO 


Fig.9 


Fig. 10 


100 Me/s POWER GAIN AND NOISE FIGURE TEST CIRCUIT 



COMMON-MODE REJECTION RATIO VS TEMPERATURE 



92CS-I3305 


Fig. 12 


COMMON-MODE REJECTION RATIO TEST CIRCUIT 



AGC RANGE TEST CIRCUIT 



Fig. 13 


Fig. 14 


•2CS-I39SS 













LINEAR INTEGRATED CIRCUITS 


CA3005, CA3006 

RF Amplifiers 


• Designed for use in Communications Equipment 

e Balanced Differential Amplifier Configuration with Controlled Constant-Current 
Source to Provide Unexcelled Versatility 

• 12 -Lead Hermetic TO -5 Style Package. 

e Built-in Temperature Stability for Operation from -55° C to +125° C 

e Companion Application Note, ICAN 5022 “Application of RCA CA3004, CA3005, 
and CA3006 Integrated Circuit RF Amplifiers”, covers characteristics of 
different operating modes, noise performance, cross-modulation, mixer, AGC 
limiter, detector, and amplifier design considerations. 


• Push-Pull Input and Output 

• Wide and Narrow Band Amplifier 

• AGC 

• Detector 

e RF, IF, and Video 

Frequency Capability 
e Operation from DC to 100 MHz 

• Mixer 

e Limiter 
e Modulator 

• Cascode Amplifier 


SCHEMATIC DIAGRAM FOR CA3005 AND CA3006 



NOTE* Connect Terminal No. 9 to most 
positive dc supply voltage used for 
circuit. 

Fig. 1 


ABSOLUTE-MAXIMUM VOLTAGE LIMITS, atT FA = 25°c 

Voltage limits shown for each terminal can be applied under the indicated voltage conditions for other terminals. 
All voltages are with respect to GROUND (common terminal of Positive and Negative DC Supplies) 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 




7 

0 




8 

-6 

1 

- 3.5 


9 

+6 




10 

+6 




11 

+6 




12 

0 

2 

TEST POINT: DO NOT APPLY VOLTAGE FROM 1 



EXTERNAL SOURCE 





1 

0 




7 

0 




8 

-9.5 

3 

- 9.5 

0 

9 

+6 




10 

+6 




11 

+6 




12 

0 




1 

0 




7 

0 




8 

-6 

4 

-6 

0 

9 

+6 




10 

+6 




11 

+6 




12 

0 




1 

0 




7 

0 




9 

+6 

5 

-12 

0 

10 

+6 




11 

+ 6 




12 

0 




1 

0 




7 

0 




9 

+6 

6 

-6 

0 

10 

+ 6 




11 

+6 




12 

-6 




1 

0 




8 

-6 




9 

+6 

7 

- 3.5 

+ 3.5 

10 

+6 




11 

+6 




12 

0 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS | 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 




1 

0 




7 

0 




9 

+6 

8 

-12 

0 

10 

+6 




11 

+6 




12 

0 




1 

0 




7 

0 




8 

-6 

9 

0 

+12 

10 

+ 6 




11 

+ 6 




12 

0 




1 

0 




7 

0 




8 

-6 

10 

0 

+12 

9 

+6 




11 

+6 




12 

0 




1 

0 




7 

0 




8 

-6 

11 

0 

+12 

9 

+6 




10 

+6 




12 

0 




8 

- 9.5 




9 

+ 6 

12 

- 9.5 

0 

10 

+6 




11 

+6 

CASE 

Internal Iv connected to Terminal N0.8 (substrate) 1 




DO NOT GROUND 



OPERATING-TEMPERATURE RANGE -55°C to +I25°C 

STORAGE-TEMPERATURE RANGE -65°C to +I50°C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM SINGLE-ENDED INPUT- 

SIGNAL VOLTAGE ±3.5 V 

MAXIMUM COMMON MODE INPUT- 

SIGNAL VOLTAGE -2.5 V. +3.5 V 

MAXIMUM DEVICE DISSIPATION 300 mW 


INPUT OFFSET VOLTAGE AND CURRENT 
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FREE-AIR TEMPERATURE (T FA )— *C 

•2CS-I35I7 


Fig. 2 


INPUT OFFSET VOLTAGE TEST CIRCUIT 



INPUT BIAS CURRENT 



MCS-ISSI9 


84 


Fl 9 .4 






LINEAR INTEGRATED CIRCUITS 


CA3005, CA3006 


ELECTRICAL CHARACTERISTICS, at T A = 25° C, V cc = 46V, V EE = -6V 








LIMITS 

TYPICAL 

CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 
Terminals No.3,4,5, and 6 Not 

TEST 

CIRCUITS 

TYPE 

CA3005 

TYPE 

CA3006 


CHARAC- 

TERISTICS 

CURVES 



Connected Except Where Noted 

Fig- 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Fig. 

STATIC CHARACTERISTICS [ 

Input Offset Voltage 

VlO 


Fig-3 

- 

2.6 

5 

- 

0.8 

l 

mV 

Fig. 2 

Input Offset Current 

ho 


Fig. 4 

- 

1.4 

- 

- 

1.4 

- 

mA 

Fig. 2 

Input Bias Current 

hB 


Fig- 4 

- 

19 

40 

- 

19 

40 

MA 

Fig. 5 



TERMINALS 











ho 

4 

5 










Quiescent 

Operating 

Current 

NC 

NC 

Fig. 10 

- 

1 

_ 

- 

1 

- 

mA 

Fig.6 

hi 

NC 

-Vee 

Fig. 10 

- 

2.7 

- 

_ 

ZJ 

- 

mA 

NONE 


-vee 

NC 

Fig. 10 

- 

0.45 

- 

- 

0.45 

- 

mA 

NONE 



-Vfe 

-veel 

Fig. 10 

- 

1.25 

- 

- 

1.25 

- 

mA 

Fig.6 

Quiescent Operating 

Current Ratio 

1 10 
in 


Fig. 10 

- 

1.05 

- 

- 

1.05 

- 

- 

Fig.7 

Device Dissipation 

Pt 


Fig. 10 

- 

26 

- 


26 , 

- 

mW 

NONE 

iDYNAMIC CHARACTERISTICS | 

Power Gain 


f = 

Cascode Configuration 

Fig. 11 

16 

20 

- 

16 

20 

- 

dB 

Fig.9 

Gp 

100 

MHz 

Differential-Ampl. 

Configuration 

Fig. 12 

14 

He 1 

- 

14 

16 

- 

dB 

Fig.ll 

Noise Figure 

NF 

f = 

Cascode Configuration 

Fig. 11 

- 

7.8 

9 

- 

7.8 

9 

dB 

Fig. 13 

100 

MHz 

Differential Ampl. 
Configuration 

Fig. 12 

- 

7.8 

9 

- 

7.8 

9 

dB 

Fig. 14 

Common-Mode 

Rejection Ratio 

CMR 

f = 1 

kHz 



- 

101 

- 

- 

101 

- 

dB 

Fig. 15 

AGC Range (Max. Voltage 
Gain to Complete Cutoff) 

AGC 

f - 1.75 MHz 


-60 

- 

- 

-60 

- 


dB 

NONE 


POWER-GAIN (CASCODE CONFIGURATION) 


CASCOOE CONFIGURATION 

FREE-AIR TEMPERATURE (T EA ) - 25* C 









40 

35 

m 

1 50 

2 25 

z 

5 

° 20 

ac 

w 

1 15 
10 

5 
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5 
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FREQUENCY (f) — Mc/t 

Fig. 7 


IOO 

92CS-IS5I# 


POWER-GAIN (DIFFERENTIAL-AMPLIFIER 
CONFIGURATION) 


DIFFERENTIAL-AMPLIFIER CONFIGURATION 
FREE-AIR TEMPERATURE (T FA ) - 25* C 

II 

1 

1 

1 

■ 

1 

II 

V 

30 





s 









j 







s 

s 

i 

1 

1 

■ 



■ 

s ** 





■ 

■ 




1 

a 



■ 

l 





K 

s 




2 




■ 

i 20 





■ 

■ 




i 




s 

5 

• , s 










s 

n 



B 

a : 

hi 





■ 

■ 




1 

■ 



■ 

O 





■ 

■ 




1 

■ 



B 






■ 

■ 





■ 



■ 

5 





■ 

■ 




1 




■ 




4 

s 





FREQUENCY (f) — Me/» 

Fig. 8 


100 

»2CS-l35fO 


NOISE FIGURE AND POWER GAIN TEST CIRCUIT 
(CASCODE CONFIGURATION) 


v cc 

+ 6V 



f 

Cl 

c 2 

Ll 

1-2 

Me/* 

pF 

pF 

AzH 

mH 

30 

14-150 

5-40 

0. 3-0.6 

0.8- 1.4 

100 

5-40 

5-40 

0.07-0.12 

0.15-0.3 


* FOR POWER-GAIN TEST 
▼ FOR NOISE-FIGURE TEST 


Fig - 10 


NOISE FIGURE AND POWER-GAIN TEST CIRCUIT 
(DIFFERENTIAL AMPLIFIER CONFIGURATION) 


v cc 

+ 6V 



-6V 9ZCS-I352S 


f 

Me/ s 

Cl 

PF 

C 2 

pF 

Ll 

mH 

l 2 

mH 

30 

5-40 

1.5-20 

1.2-2 

1.2-2 

100 

1-12 

1-12 

0.4-0. 7 

0.25-0.5 


* FOR POWER-GAIN TEST 
▼ FOR NOISE-FIGURE TEST 

Fig. 11 


QUIESCENT OPERATING CURRENT 


si 
** 
si 1 

Uu 

c»P 

ui 

5* 


POSITIVE OC SUPPLY VOLTS (V cc l • -PS 

NEGATIVE DC SUPPLY VOLTS (V E r)*-G 

TERMINALS No. 4 & fcTs 

CONNECTED TO V E * 

■ TERMINALS No. 4 a No. 5 OPEN 


-50 -23 O 25 50 75 100 

FREE-AIR TEMPERATURE (T EA )— *C 


Fig. 5 


QUIESCENT OPERATING CURRENT RATIO 



92CS-I3M 

Fig. 6 


10G-Me/* NOISE FIGURE VS. V gE (CASCODE 
CONFIGURATION) 



KC$-I1SM 

Fig. 9 


100 Me/s NOISE FIGURE VS. V iE (DIFFERENTIAL 
AMPLIFIER CONFIGURATION) 



NEGATIVE OC SUPPLY VOLTS {Vee> 


Fig. 12 


92CS- 133*4 


85 











LINEAR INTEGRATED CIRCUITS 


CA3005, CA3006 


COMMON-MODE-REJECTION RATIO 



92CS-I3343 


COMMON-MODE-R EJECTION RATIO 
TEST CIRCUIT 



Fig. 13 


Fig. 14 


AGC RANGE TEST CIRCUIT 



I 75Mc/i 
SIGNAL 
SOURCE 


AGC RANGE • 20 LOG| 0 


A WITH S IN POSITION 2 


Fig. 15 


92CS-I35T5 









LINEAR INTEGRATED CIRCUITS 


CA3007 


AF Amplifier 


• Designed for use in Sound Systems and Communication Equipment 

• Balanced differential-ampl if ier configurat ion wi th control led constant- 
current source provides for both audio ampl i fi cat ion and phase inversion 

• Built-in temperature stability for operation from -55°C to +I25°C 

• Eliminates need for audio driver transformer 

• Companion Application Note, ICAN 5037 "Application of the RCA-CA3007 
Integrated Circuit Audio Driver" covers design of a dual supply audio 
driver in a direct-coupled audio amplifier, and a single supply audio 
driver in a capacitor-doupled audio amplifier 

• Supplied in the hermetic 12-lead TO-5 style package 


HIGHLIGHTS 

• Input Impedance. ... 4 kQ typ. 

• Output Impedance ... 60 Q typ. 

• Power Gain 22 dB typ. 

• Push-Pull Input & Output 

• Direct Coupling to Class B Audio 
Output Stage 


APPLICATIONS 

• Audio Ampl i f ier 

• Audio Driver 


SCHEMATIC DIAGRAM 


OPERATING-TEMPERATURE RANGE -55°C to +I25°C 

STORAGE-TEMPERATURE RANGE -65°C to +150°C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM SINGLE-ENDED INPUT- 

SIGNAL VOLTAGE ±2.5 V 

MAXIMUM COMMON-MODE INPUT- 

SIGNAL VOLTAGE ±2.5 V 

MAXIMUM DEVICE DISSIPATION 300 mW 


ELECTRICAL CHARACTERISTICS, at TpA = 25°C, Vcc = + 6 V, VgE =-6 V, 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 
Pin 4 Not Connected Unless 
Otherwise Noted 

TEST 

CIRCUITS 

Fig. 

LIMITS 

TYPE 

CA3007 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

Min. 

Typ. 

Max. 

Units 

Fig. 

STATIC CHARACTERISTICS ! 



Input Unbalance Voltage 

V|U 


3 

- 

0.57 

5 

mV 

2 

Input Unbalance Current 

>IU 


3 

- 

0.57 

5 


2 

Input Bias Current 

'1 


3 

- 

11 

34 

mA 

4 

Quiescent Operating 
Voltage 

V 8 or V 10 


3 

_ 

0.87 

_ 

V 

5 

Device Dissipation 

P T 


3 

- 

30 

- 

mW 

NONE 

DYNAMIC CHARACTERISTICS 


Power Gain 

G P 

f = 1 Kc/s 

6 

20 

22 

- 

dB 

NONE 

Total Harmonic 

Distortion 

THD 

f = 1 Kc/s 

6 


0.28 

_ 

% 

NONE 

Input Impedance 

Z IN 

f = 1 Kc/s 

7 

- 

4K 

- 

n 

NONE 

Common-Mode 

Rejection .Ratio 

CMR 

f = 1 Kc/s 

9(A) 

9(B) 

- 

77 

- 

dB 

8 


INPUT UNBALANCE* VOLTAGE 8. CURRENT, INPUT BIAS 
CURRENT, QUIESCENT OPERATING VOLTAGE, AND 
DEVICE DISSIPATION TEST CIRCUIT 



TYPICAL STATIC CHARACTERISTICS 
AND TEST CIRCUIT FOR CA3007 

INPUT UNBALANCE VOLTAGE AND CURRENT 
v* TEMPERATURE 



92CS-I3377 



92CS-IS60I 


Rl and R 2 matched to ± 1 %. 

P T = Vcc^ + VeeI 3 

Ig = Direct Current into Terminal No.9 
I 3 = Direct Current out of Terminal No.3 


INPUT BIAS CURRENT v* TEMPERATURE 






POSITIVE DC SUPPLY VOLTS (V C fc)« +-6 
NEGATIVE DC SUPPLY VOLTS (V EE ) • -6 

-- 
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8 
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aai 
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FREE-AIR TEMPERATURE (Tp A ) — *C 


Fig .2 

QUIESCENT OPERATING VOLTAGE vs TEMPERATURE 



Fig. 3 


Fig. 4 


92CS-I3375 


Fig. 5 


92CS-I3S72 






LINEAR INTEGRATED CIRCUITS 


CA3007 


ABSOLUTE-MAXIMUM YOLTAGE LIMITS, at T A - 25° C 

Indicated voltage limits for each terminal can be applied under the specified operating conditions for other terminals. 
All voltages are with respect to ground (-VcG. + Vee» or common terminal of Positive and Negative DC supplies). 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 




2 

0 




3 

-6 




6 

0 

8 

-2 

0 

7 

0 




9 

46 




11 

0 




2 

0 




3 

-6 

9 

0 

40 

6 

0 




7 

0 




11 

0 




2 

0 




3 

-6 




6 

0 

10 

-2 

0 

7 

0 




9 

46 




11 

0 



I 

! i 

0 




2 

0 




3 

•6 

11 

-2.5 

+2.5 

6 

0 




7 

0 




9 

46 




2 

0 




3 

-6 




6 

0 

12 

-2 

0 

7 

0 




9 

46 


i 


11 

0 

CASE 

INTERNALLY CONNECTED TO TERMINAL 


No.3 (SUBSTRATE) DO NOT GROUND 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 




2 

0 




3 

-6 




6 

0 

1 

-2.5 

+2.5 

7 

‘0 




9 

46 




11 

0 




3 

-8 




6 

0 

2 

-8 

0 

7 

0 




9 

46 




11 

0 




6 

0 




7 

0 

3 

-10 

0 

9 

46 




11 

0 




6 

0 




7 

0 

4 

-8.5 

0 

9 

46 




11 

0 




2 

0 




3 

-6 




6 

0 

5 

-2.5 

+2.5 

7 

0 




9 

46 




il 

0 




2 

0 




3 

-6 

6 

-3 

0 

7 

0 




9 

46 




11 

0 




1 

0 




2 

0 

7 

-2.5 

+2.5 

3 

5 

-6 

0 




6 

0 




9 

46 


TYPICAL DYNAMIC CHARACTERISTIC 
AND TEST CIRCUITS FOR CA3007 

POWER GAIN AND TOTAL HARMONIC DISTORTION 
TEST CIRCUIT 



T (Output Transformer): 

Primary Impedance = 2000 Cl C.T. 
Secondary Impedance = 16 Cl 
Efficiency =45% approx. 

(STANCOR TYPE TA-10 OR EQUIVALENT) 
Fig. 6 

INPUT IMPEDANCE TEST CIRCUIT 



Fig- 7 


COMMON-MODE REJECTION-RATIO TEST CIRCUITS 


COMMON-MODE REJECTION RATIO vs TEMPERATURE 




(A) Single-Ended Differential Voltage Gain 



"A » SINGLE -ENDED VOLTAGE GAIN 

(B) Common-Mode Voltage Gain 


Fig. 8 


92CS-I3448 


Fig. 9 











LINEAR INTEGRATED CIRCUITS 


CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 


Operational Amplifiers 


6-VOLT TYPES 12-VOLT TYPES 

CA3008 CA3016 

CA3010 CA3015 

CA3029 CA3015L 

CA3037 CA3030 

CA3038 


PACKAGE 
14-Lead Flat Pack 
12-Leod TO-5 Style 
Beam-Lead Device 

14-Leod Plostic Dual In-Line (TO-116) 
14-Lead Ceramic Dual In-Line (TO-116) 


• All types are electrically identical within their voltage groups 

• The CA3105 is available in a sealed-junction Beam-Lead 
version (CA3015L). For further information see File 
No. 515, “Beam-Lead Devices for Hybrid Circuit 
Applications. 

• Designed for use in Telemetry, Data-Processing, Instrumentation, and 
Communication Equipment 

• Built-in temperature stability from -55°C to +125°C for flatpack, TO-5 
style, and ceramic dual in-line packages; O^C to+70°C for plastic dual 
in-line package 

• Companion Application Notes ICAN-5290, “Integrated Circuit Operational 
Amplifiers”; ICAN-5213, “Application of the RCA-CA3015, CA3016 In- 
tegrated Circuit Operational Amplifiers”; and ICAN-5015, “Application 
of the RCA-CA3008, CA3010 Integrated Circuit Operational Amplifiers’! 


• Open-Loop Voltage Gain 

6 V Types 

60 

12 V Types 

70 

dB typ 

® Common-Mode Rejection Ratio 

94 

103 

dB typ 

• Output Impedance 

200 

92 

fi typ. 

* Input Offset Voltage 

1 

1 

mV typ. 

• Static Power Drain at ± 12 V 

- 

175 

raW typ. 

± 6 V 

30 

30 

m W typ. 

± 3 V 

7 

7 

mW typ. 

APPLICATIONS 

• Narrow-Band and Band- • Oj 

sci Motor 



pass Amplifier 

• Operational Functions 

• Feedback Amplifier 

• DC and Video Amplifier 

• Multivibrator 


• Comparator 

• Servo Driver 

• Scaling Adder 

• Balanced 
Modulatoi^Oriver 


SCHEMATIC DIAGRAMS 


ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, Ta = 25°C 

Voltage or current limits shown for each terminal can be applied under the indicated 
voltage or other circuit conditions for other terminals 
All voltages are with respect to ground (common terminal, of Positive and Negative DC Supplies) 


| Terminal 

Voltage or Current 



1 


CA3008 

Limits 

Circuit Conditions 

CA3010 

CA3029 

Nega- 

tive 

Posi- 




CA3037 

tive 

Terminal 

Voltage 

12 

1 

DO NOT APPLY VOLTAGE FROM AN EX- 


TERNAL SOURCE TO THIS TERMINAL 






CA3008 

CA3029 






CA3010 

CA3037 


1 

2 

-8 V 

0 V 

4 

6 

-8 




10 

13 

+6 





1 

2 

0 

2 

3 

-4 V 

+1 V 

3 

4 

0 




4 

6 

-6 





10 

13 

+6 





1 

2 

0 

3 

4 

-4 V 

+1V 

2 

3 

0 




4 

6 

-6 





10 

13 

+6 


5 

NO CONNECTION j 

4 

6 

-10 V 

0 V 

1 

2 

0 





10 

13 

+6 


7 

NO CONNECTION 

5 

D 

DO NOT APPLY VOLTAGE FROM AN EX- 

0 

TERNAL SOURCE TO THIS TERMINAL 

g 

9 

DO NOT APPLY VOLTAGE FROM AN EX- 


TERNAL SOURCE TO THIS TERMINAL 





1 

2 

0 

7 

10 

ov 

+7 V 

4 

6 

-6 





10 

13 

+6 

0 

11 

DO NOT APPLY VOLTAGE FROM AN EX- 

0 

TERNAL SOURCE TO THIS TERMINAL 





4 

6 

-6 





10 

13 

+6 

9 

12 

30 mA 

200 Q Between Terminals 
'6 & 12 (CA3008, 





CA3029, CA3037) 





4 & 9 (CA3010) 


10 

13 

0 V 

+ 

5 

< 

1 

2 

0 . 





4 

6 

-6 





1 

2 

0 

11 

14 

ov 

+7 V 

4 

6 

-6 





10 

13 

+6 



Internally connected to Terminal No - 4 r 

CASE 

CA3010 (Substrate) DO NOT GROUND 


| Terminal 

Voltage or Current 



1 


CA3016 

Limits 

Circuit Conditions 

CA3015 

CA3030 

Nega- 

tive 

Posi- 




CA3038 

tive 

Terminal 

Voltage 

12 

i 

DO NOT APPLY VOLTAGE FROM AN EX- 


TERNAL SOURCE TO THIS TERMINAL 






CA3016 

CA3030 






CA3015 

CA3038 


1 

2 

-16 V 

0 V 

4 

6 

-16 



10 

13 

+12 





1 

2 

0 

2 

3 

-8 V 

+1 V 

3 

4 

0 





4 

6 

-12 





10 

13 

+12 





1 

2 

0 

3 

4 

-8 V 

+1 V 

2 

3 

0 




4 

6 

-12 





10 

13 

+12 


5 

NO CONNECTION ] 

4 

6 

-20 V 

OV 

1 

2 

0 





10 

13 

+12 


7 

NO CONNECTION 

5 

p 

DO NOT APPLY VOLTAGE FROM AN EX- 

0 

TERNAL SOURCE TO THIS TERMINAL 


q 

DO NOT APPLY VOLTAGE FROM AN EX- 

D 

j 

TERNAL SOURCE TO THIS TERMINAL 





1 

2 

0 

7 

■ 10 

OV 

+14 V 

4 

6 

-12 





10 

13 

+12 

8 

n 

DO NOT APPLY VOLTAGE FROM AN EX- 

TERNAL SOURCE TO THIS TERMINAL 





4 

6 

-12 





10 

13 

+12 

9 

12 

30 mA 

400 fi Between Ter 

minals 





6 8. 12 (CA3016, 






CA3030, CA3038) 





4 & 9 (CA3015) 


10 

13 

OV 

+20 V 

1 

2 

0 





4 

6 

-12 





1 

2 

0 

11 

14 

OV 

+14 V 

4 

6 

-12 





10 

13 

+12 



Internally connected to Terminal No.4, 

CASE 

CA3015 (Substrate) DO NOT GROUND 



CA3016 CA3037 

CA3029 CA3038 



Fig.1 


CA3006 CA3010 

CA3016 CA3015 

CA3029 

CA3016 

CA3015 

CA3008 CA3010 

CA3Q37 CA3038 

CA3030 

CA3030 

CA3038 

CA3029 CA3037 

OPERATING TEMPERATURE RANGE . . -55°C to +125°C 

*40°C to +85°C 

MAXIMUM SIGNAL VOLTAGE 

-8 V to +1 V 

-4 V to +1 V 

STORAGE TEMPERATURE RANGE. . . . -65°C to +150°C 

-65°C to +150°C 

MAXIMUM DEVICE DISSIPATION 

600 mW 

300 mW 




LINEAR INTEGRATED CIRCUITS 


CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 


ELECTRICAL CHARACTERISTICS ot T* = 25 °C 


Characteristics 

Symbols 

Special Test Conditions 
Terminal No.8 (CA3008, 

CA3016, CA3029, CA3030, 
CA3037, CA3038) 

Terminal No.5 (CA3010, 

CA3015) Not Connected 

Unless Otherwise Specified 

Test 

Cir- 

cuit 

CA3008 

CA3010 

CA3029 

CA3037 

CA3016 

CA3015 

CA3030 

CA3038 

Units 

Typical 

Charac- 

teristic 

Curves 

Fig- 

Min. | Typ. | Max. 

Min. | Typ. | Max. 

Fig. 

STATIC CHARACTERISTICS: | 

Input Offset Voltage 

Vio 

VCC = ■•6 V, VEE = -6V 
= +12V = -12V 

4 


1.08 

5 

• 

- 

1.37 

5 

mV 

2 

Input Offset Current 

HO 

= +6V = -6V 

= +12V = -12V 

5 

* 

0.54 

5 

. 

1.07 

5 

A* 

2 

Input Bias Current 

! ib 

= +6V = -6V 

= +12V = -12V 

5 


5.3 

12 

_ 

9.6 

24 

mA 

3 

Input Offset Voltage 
Sensitivity: Positive 

Negative 

AV| 0 /AVCC 

AVio/AVee 

= +6V = -6V 

= +12V = -12V 

= +6V = -6V 

= +12V = -12V 

4 


0.10 

0.26 

1 

1 


0.096 

0.156 

0.5 

0.5 

mV/V 

none 

Device Dissipation 

P D 

= +6 V = -6 V 

= +12V = -12V 

4 


30 


; 

175 

; 

mW 

none 

[ 5 ] shorted to [9] 

8 shorted lo 12 


102 



500 

- 

i DYNAMIC CHARACTERISTICS: All tests at f = 1 kHz except BWqL | 

Open-Loop Differential 
Voltage Gain 

a 0L 

Vcc * + 6V, VEE = -6V 

= +12V = -12V 

8 

57 

60 


66 

70 


dB 

6 & 7 

Open-Loop Bandwidth 
at -3 dB Point 

bw ol 

= +6V = -6V 

= +12V = -12V 

8 

200 

300 


200 

320 

- 

kHz 

6 & 7 

Common-Mode Rejection 
Ratio 

CMRR 

Vcc = +6V, VEE = -6V 
= +12V = -12V 

11 

70 

94 


80 

103 


dB 

12 

Maximum Output-Voltage 
Swing 

Vo(P-P) 

= +6V = -6 V 

= +12V = -12V 

8 

4 

6.75 


12 

14 

. 

Vp.p 

9 & 10 

Input Impedance 

Z IN 

= +6V = -6 V 

= +12V * -12V 

14 

10 

14 

- 

5 

7.8 

- 

kQ 

13 

Output Impedance 

Z0UT 

= +6V = -6V 

= +12V = -12V 

15 


200 


. 

92 

• 

n 

15 

Common-Mode 

Input-Voltage Range 

V ICR 

= +6V = -6V 

= +12V = -12V 

11 

0.5 

to 

-4 


. 

0.65 

to- 

-8 


- 

V 

none 


TYPICAL STATIC CHARACTERISTICS AND 
TEST CIRCUITS 


INPUT OFFSET VOLTAGE AND CURRENT 



Fig.2 


INPUT BIAS CURRENT 



Fig. 3 


LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 


Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 
Italic Numbers in Square Baxes are for CA3010, CA3015 


INPUT OFFSET VOLTAGE, INPUT OFFSET VOLTAGE 
SENSITIVITY, AND DEVICE DISSIPATION TEST CIRCUIT 



Fig.4 


Procedure: 

Input Offset Voltage 


1. Adjust V E for a DC Output Voltage (Vqut) of 0 ± 0.1 volts. 

2. Measure V E and record Input Offset Voltage in millivolts as 
V E /1000. 


Input Offset Voltage Sensitivity 

1. Adjust Vf for a DC Output Voltage (Vqut) of 0 ± 0.1 volts. 

2. Increase | Vcc I by 1 volt and record output voltage (Vqut)- 

3. Decrease | Vqq | by 1 volt and record output voltage (Vqut)* 

4. Divide the diference between VquT measured in steps 2 and 3 by the 
change in Vqc in steps 2 and 3. 

v OUT v 0UT ( Ste P 2 ) * v OUT (Step 3) 

V cc 2 volts 

5. Refer the reading to the input by dividing by Open Loop Voltage 
Gain (Aql)- 


V I0/ V CC = 


v out/vcc 

a 0L 


6. Repeat procedures 1 through 5 for the Negative Supply (V EE ) . 

7. Device Dissipation 

Pt = v cdc + Vee'E 

1C = Direct Current into Terminal(l|)or [zo| 
l£ - Direct Current out of Terminal(§)or 0 


INPUT OFFSET CURRENT AND INPUT BIAS CURRENT 
TEST CIRCUIT 

v cc 



92CS-14854 


Procedure: 

Input Bias Current and Input Offset Current 

1. Adjust V E for | Vqut I <0.1 V DC. 

2. Measure and record V E and Vj^. 

3. Calculate the Input Bias Current using the following equation: 

, V|N 4 

14 ioo kq 

4. Calculate the Input Offset Current using the following equation: 

1,0 = Ve/ 100 kfi 







LINEAR INTEGRATED CIRCUITS 


CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 


TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038 ; 


Italic Numbers in Square Boxes are for CA3010, CA3015 


OPEN-LOOP VOLTAGE GAIN vs. FREQUENCY 
FOR CA3008, CA3010, CA3015, CA3016, 
CA3037, CA3038 


OPEN-LOOP VOLTAGE GAIN vs. FREQUENCY 
FOR CA3029 AND CA3030 




MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE vs. LOAD RESISTANCE 
FOR CA3008, CA3010, CA3015, CA3016, CA3037, CA3038 
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LOAD RESISTANCE (R|_) — K OHMS 

(b) 


Terminal Numbers in Circles are for CA3008, CA3016 , CA3029, CA3030, CA3037, CA3038; 
Italic Numbers in Square Boxes are for CA3010 , CA3015 

COMMON-MODE REJECTION RATIO AND COMMON-MODE 
INPUT-VOLTAGE-RANGE TEST CIRCUIT 



Procedures: 

Common-Mode Rejection Ratio: 

1. Set Vqias = 0. Adjust Ve for Vqut(DC) = 0 ± 0.1 V. 

2. Apply 1-kHz sinusodial input signal and adjust for V$ = 0.3 V 
(RMS). 

3. Measure and record the RMS value of Vqijt* An oscilloscope is 
used for this measurement so that the output signal may be visu- 
ally separated.fr om noise output. 

4. Calculate Common-Mode Voltage Gain: 

a CM = vout/Vs 

Acm in dB = -20 LOGio Vs/VquT 

5. Calculate Common-Mode Rejection Ratio: 

CMR in dB = ApiFF in dB * A CM in dB - 

Common-Mode Input-Voltage Range: 

1. Calculate and record CMR for various positive and negative values 
of Vr|A$ within the maximum limits shown on Page 2. The Com- 
mon-Mode Input-Voltage Range limits are those values of Vm^s 
at which CMR is 6 dB less than that calculated in Step 5 of the 
procedure given above. 

Flg.11 


OPEN-LOOP DIFFERENTIAL VOLTAGE GAIN, 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
AND OPEN-LOOP BANDWIDTH AT -3 dB 
POINT TEST CIRCUIT 



1. Adjust V£ for VOUT = ±0.1 V DC. 

2. Measure Open-Loop Differential Voltage Gain (Aql) at f = 


1 kHz. 


A OL = 20 L °810 “ 


v OUT 
V IN 

3. Measure Maximum Peak-to-Peak Output Voltage at f = 1 kHz. 

4. Measure Open-Loop Bandwidth at -3 dB Point. 

Reference Level = A Ql at 1 kHz. 

Fig. 8 

MAXIMUM PEAK-TO-PEAK OUTPUT 
VOLTAGE vs. LOAD RESISTANCE 
FOR CA3029 AND CA3030 



(a) 



COMMON-MODE REJECTION RATIO vs. FREQUENCY 
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LINEAR INTEGRATED CIRCUITS 


CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 


TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 
Italic Numbers in Square Boxes are for CA3010, CA3015 


SINGLE-ENDED INPUT IMPEDANCE vs. TEMPERATURE 



Fig. 13 


SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT OUTPUT IMPEDANCE vs. TEMPERATURE 




OUTPUT IMPEDANCE TEST CIRCUIT 
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LINEAR INTEGRATED CIRCUITS 


CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, 
CA3037A,CA3038A 


Operational Amplifiers 


6-VOLT TYPES 12-VOLT TYPES 


PACKAGE 


CA3008A 

CA3010A 

CA3029A 

CA3037A 


CA3016A 

CA3015A 

CA3030A 

CA3038A 


14-Lead Flat Pack 
12- Lead TO-5 Style 

14-Lead Plastic Dual In-Line (TO-116) 
14-Lead Ceramic Dual In-Line (TO-116) 


• These new types have all the desirable features and characteristics of 
their prototypes plus lower noise figures and improved input character- 
istics for offset voltage, offset current, bias current, and impedance. 

• All types are electrically identical within their voltage groups 

• Designed for use in Telemetry, Data-Processing, Instrumentation, and 
Communication Equipment 

« Built-in temperature stability from -55°C to +125°C for Flatpack, TO-5 
style, and ceramic dual in-line packages; O^C to +70°C for plastic dual 
in-line package 

• Companion Application Notes ICAN-5290, “Integrated Circuit Operational 
Amplifiers”; ICAN-5213, “Application of the RCA-CA3015, CA3016 In- 
tegrated Circuit Operational Amplifiers”; and ICAN-5015, “Application 
of the RCA-CA3008, CA3010 Integrated Circuit Operational Amplifiers” 
cover Bode characteristics, phase compensation, frequency shaping, and 
amplifier design. 


HIGHLIGHTS 



6 V Types 12 V Types 

• Open-Loop Voltage Gain 

60 

70 

dB typ. 

• Common-Mode Rejection Ratio . 

94 

103 

dB typ. 

• Input Impedance 

20 

10 

k typ. 

• Input Offset Voltage 

0.9 

1 

mV typ. 

• Input Offset Current 

0.3 

0.5 

A typ. 

• Input Bias Current. 

2.5 

4.7 

A typ. 

# Static Power Drain at • 12 V. . . 

. 

175 

mW typ. 

at 6V . . . 

30 

30 

mW typ. 

at * 3V . . . 

7 

7 

mW typ. 

APPLICATIONS 



• Narrow- Band and Band- 

a Oscillator 



pass Amplifier 

a Comparator 



• Operational Functions 

• Servo Driver 


a Feedback Amplifier 

• Scaling Adder 


e DC and Video Amplifier 

• Balanced 



• Multivibrator 

Modulator-Driver 



CA3029A 

CA3030A 

CA3037A 




ELECTRICAL CHARACTERISTICS at T A = 25 °C 


Characteristics 

Symbols 

Special Test Conditions 
Terminal No.8 (CA3008A, 
CA3016A, CA3029A, CA3030A, 
CA3037A, CA3038A), 

Terminal No.5 (CA3010A, 
CA3Q15A) Not Connected 
Unless Otherwise Specified 

Test 

Cir- 

cuit 

CA3008A 

CA3010A 

CA3029A 

CA3037A 

CA3016A 

CA3015A 

CA3030A 

CA3038A 

Units 

Typical 

Charac- 

teristic 

Curves 

Pig- 

Min. | Typ. | Max. 

Min. [ Typ. | Max. 

Pig- 

STATIC CHARACTERISTICS: | 

Input Offset Voltage 

V|0 

VCC = +6V, V£E = -6V 

= +12V = -12V 

4 


0.9 

2 


1 

2 

mV 

2 

Input Offset Current 

lio 

= +6V = -6V 

= +12V = -12V 

5 

- 

0.3 

1.5 


0.5 

1.6 


2 

Input Bias Current 

'lB 

= +6V = -6V 

= +12V = -12V 

5 


2.5 

4 


4.7 

6 

M 

3 

Input Offset Voltage 
Sensitivity: Positive 

Negative 

AV| 0 /AVCC 

AV|o,AVee 

= +6V = -6V ' 

= +12V = -12V 

= +6V =-6V 4 

= +12V = -12V 

. 

0.10 

0.26 

i 

1 


0.096 

0.156 

0.5 

0.5 

mV/V 

none 

Device Dissipation 

P D 

= +6 V = -6 V 

= +12V = -12V 

4 

- 

40 



175 


mW 

none 

Ushortedlo:?; V “ e =;W 

8 shorted to 12 

. 

102 


_ 

500 

... _ 


DYNAMIC CHARACTERISTICS: All tests at f = 1 kHz except BWql ' ! 

Open- Loop Differential 
Voltage Gain 

a ol 

Vcc - +6V, Vee = *6V 

= +12V = -12V 

8 

■ 57 

60 


. 

66 

70 


dB 

6 & 7 

Open-Loop Bandwidth 
at -3 dB Point 

BWql 

= +6V = -6V 

= +12V = -12V 

8 

200 

300 


200 

320 


kHz 

6 & 7 

Slew Rate 

SR 

Vcc = + 6V V EE = -6V 
= +12V = -12V 

R s = 

1 kfi 

none 


3 



7 


y/ijs 

none 

Common-Mode Rejection 
Ratio 

CMR 

VCC = +6V, VEE = -6V 
- +12V = -12V 

11 

70 

94 


80 

103 


dB 

12 

Maximum Output-Voltage 
Swing 

Vq(P-P) 

= +6V = -6V 

= +12V = -12V 

8 

4 

6.75 


12 

14 


Vp.p 

9 & 10 

Input Impedance 

Z IN 

= +6V = -6V 

= +12V = -12V 

14 

15 

20 


7.5 

10 


kfi 

13 

Output Impedance 

Z0UT 

= +6V = -6V 

= +12V = -12V 

15 


160 
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fi 

16 

Common-Mode 

Input-Voltage Range 

V ICR 

= +6V = -6V 

= +12V - -12V 

11 

+0.5 

-4 



+0.65 

-8 



V 

none 

Noise Figure 

NF 

vcc = + 3v , vee = *3V 

= +6V = -6V 

= +9V = -9V 

= +12V = -12V 

R s = 

1 kQ 

18 


6.3 

8.3 

9 

12 


6.3 

8.3 

10 

11 

9 

12 

14 

16 

dB 

17 


LEAD TEMPERATURE (During Soldering); ALL TYPES 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max. 


+265°C 




LINEAR INTEGRATED CIRCUITS 

CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, 
CA3037A, CA3038A 


ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, Ta = 25°C 

Voltage or current limits shown for each terminal can be applied under the indicated 
voltage or other circuit conditions for other terminals 
All voltages are with respect to ground (common terminal of Positive and Negative DC Supplies) 


| Terminal 

Voltage or Current 





CA3008A 

Limits 

Circuit Conditions 

CA3010A 

CA3029A 

Nega- 

Posi- 




CA3037A 

tive 

tive 

Terminal 

Voltage 

12 

j 

DO NOT APPLY VOLTAGE FROM AN EX- 


TERNAL SOURCE TO THIS TERMINAL 






CA3008A 

CA3029A 






CA3010A 

CA3037A 


1 

2 

-8 V 

OV 

4 

6 

-8 




10 

13 

+6 





1 

2 

0 

2 

3 

-4 V 

+1 V 

3 

4 

0 





4 

6 

-6 





10 

13 

+6 





1 

2 

0 

3 

4 

-4 V 

+1 V 

2 

3 

0 





4 

6 

-6 





10 

13 

+6 


5 

NO CONNECTION | 

4 

6 

-10 V 

0 V 

1 

2 

0 





10 

13 

+6 


7 

NO CONNECTION 

5 

g 

DO NOT APPLY VOLTAGE FROM AN EX- 


TERNAL SOURCE TO THIS TERMINAL 

g 

g 

DO NOT APPLY VOLTAGE FROM AN EX- 



TERNAL SOURCE TO THIS TERMINAL 





1 

2 

0 

7 

10 

ov 

+7 V 

4 

6 

-6 





10 

13 

+6 

g 

11 

DO NOT APPLY VOLTAGE FROM AN EX- 


TERNAL SOURCE TO THIS TERMINAL 





4 

6 

-6 





10 

13 

+6 

9 

12 

30 mA 

200 '.l Between Terminals 

6 & 12 (CA3008A. 





CA3029A, CA3037A) 





4 & 9 (CA3010A) 


10 

13 

OV 

+10 V 

1 

2 

0 





4 

6 

-6 





1 

2 

0 

11 

14 

OV 

+7 V 

4 

6 

-6 





10 

13 

+6 



Internally connected to Terminal No.4, 

CASE 

CA3010A (Substrate) DO NOT GROUND 


[ Terminal 

Voltage or Current 





CA3016A 

Limits 

Circuit Conditions j 

CA3015A 

CA3030A 

Nega- 

tive 

Posi- 




CA3038A 

tive 

Terminal 

Voltage 

12 


DO NOT APPLY VOLTAGE FROM AN EX- 


TERNAL SOURCE TO THIS TERMINAL 






CA3016A 

CA3030A 






CA3015A 

CA3038A 


1 

2 

-16 V 

OV 

4 

6 

-16 



10 

13 

+12 





1 

2 

0 

2 

3 

-8 V 

+1 V 

3 

4 

0 





4 

6 

-12 





10 

13 

+12 





1 

2 

0 

3 

4 

-8 V 

+1 V 

2 

3 

0 




4 

6 

-12 





10 

13 

+12 


5 

NO CONNECTION | 

4 

6 

-20 V 

ov 

1 

2 

0 





10 

13 

+12 


7 

NO CONNECTION 

C 

Q 

DO NOT APPLY VOLTAGE FROM AN EX- 

J 

O 

TERNAL SOURCE TO THIS TERMINAL 

c 

Q I 

DO NOT APPLY VOLTAGE FROM AN F.X- 

0 


TF.RNAL SOURCE TO THIS TERMINAL 





1 

2 

0 

7 

10 

0 V 

+14 V 

4 

6 

-12 





10 

13 

+12 

Q 

11 

DO NOT APPLY VOLTAGE FROM AN EX- 

0 

TERNAL SOURCE TO THIS TERMINAL 





4 

6 

-12 





10 

13 

+12 

9 

12 

30 mA 

400 i - Between Te 

minals 





6 & 12 

CA3016A, 






CA3Q30A, CA3038A) 





4 & 9 (CA3015A) 


10 

13 

OV 

+20 V 

1 

2 

0 




4 

6 

-12 





1 

2 

0 

11 

14 

OV 

+14 V 

4 

6 

-12 





10 

13 

+12 



Internally connected to Terminal No.4, 

CASE 

CA3015A (Substrate) DO NOT GROUND 


CA3008A CA3010A 
CA3016A CA3015A 
CA3037A CA3038A 

CA3029A CA3016A CA3015A 

CA3030A CA3030A CA3038A 

CA3008A CA3010A 
CA3029A CA3037A 

OPERATING TEMPERATURE RANGE . . -55°C to +125°C 
STORAGE TEMPERATURE RANGE .... -65°C to +200°C 

40 °c to +80°C MAXIMUM SIGNAL VOLTAGE -8 V to +1 V 

-65 °C to +150°C MAXIMUM DEVICE DISSIPATION 600 mW 

-4 V to +1 V 

300 mW 


INPUT OFFSET CURRENT AND INPUT BIAS CURRENT 
TEST CIRCUIT 


v cc 



92CS-I4854 


Fig. 5 


Procedure: 


Input Bias Current and Input Offset Current 

1. Adjust VE for | V 0 UT I < 0.1 V DC. 

2. Measure and record Ve and V|r 4 

3. Calculate the Input Bias Current using the following equation: 


1 14 = 


V|N 4 


100 k Cl 

4. Calculate the Input Offset Current using the following equation: 
1 10 = Ve/ 100 kf2 


TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008A, CA3016A, 
CA3029A, CA3030A , CA3037A, CA3038A; 

Italic Numbers in Square Boxes are for CA3010A, CA3015A 


INPUT OFFSET VOLTAGE AND CURRENT 



92CS-I4S4S 


Fig.2 

INPUT BIAS CURRENT 



INPUT OFFSET VOLTAGE, INPUT OFFSET VOLTAGE 
SENSITIVITY, AND DEVICE DISSIPATION TEST CIRCUIT 



9ZC5- 14835 


Fig. 4 


Procedure: 

Input Offset Voltage 


1. Adjust Ve for a DC Output Voltage (Vqut) of 0 ± 0.1 volts. 

2. Measure V E and record Input Offset Voltage in millivolts as 
V E /1000. 


Input Offset Voltage Sensitivity 

1. Adjust Vc for a DC Output Voltage (Vqut) °f 0 ± 0-1 volts. 

2. Increase | Vcc i b y 1 volt and record output voltage (' Vqut) • 

3. Decrease j Vcc I b y 1 volt and record output voltage (Vqut)- 

4. Divide the diference between Vqut measured in steps 2 and 3 by the 
change in Vcc in steps 2 and 3. 

Vqut _ Vqut (Step 2) - VQUT (Step 3) 

Vcc 2 volts 

5. Refer the reading to the input by dividing by Open Loop Voltage 
Gain (Aql) • 


v io/vcc = 


v out/ v cc 

a ol 


6. Repeat procedures 1 through 5 for the Negative Supply (V EE ). 

7. Device Dissipation 
P T = V C c«C + VEEiE 

1C = Direct Current into Terminal 13 or ^ 
l E = Direct Current out of Terminal 6 or 0 
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LINEAR INTEGRATED CIRCUITS 

CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, 

CA3037A, CA3038A 


OPEN LOOP VOLTAGE GAIN vs. FREQUENCY 
FOR CA3008A, CA3010A. CA3015A, CA3016A, 
CA3037A, CA3038A 



OPEN LOOP VOLTAGE GAIN vs. FREQUENCY 
FOR CA3029A AND CA3030A. 



Fig. 7 


OPEN-LOOP DIFFERENTIAL VOLTAGE 
GAIN, MAXIMUM PEAK-TO-PEAK OUT- 
PUT VOLTAGE, AND OPEN-LOOP BAND 
WIDTH AT -3 POINT TEST CIRCUIT 



92CS-I4856 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE vs. LOAD RESISTANCE 
FOR CA3008A, CA3010A, CA3015A. CA3016A, CA3037A, CA3038A 




Procedure: 

1. Adjust Ve for VouT = ±0.1 V DC. 

2. Measure Open-Loop Differential Voltage Gain (Aql) at f = 1 kHz 

A ™ . V OUT 
A ql = 20 Log 10 — 

V IN 

3. Measure Maximum Peak-to-Peak Output Voltage at f = 1 kHz 

4. Measure Open-Loop Bandwidth at -3 dB Point 

Reference Level = Aq l at 1 kHz 

Fig. 8 


MAXIMUM PEAK-TO-PEAK* OUTPUT VOLTAGE vs. LOAD RESISTANCE 
FOR CA3029A AND CA3030A 




COMMON-MODE REJECTION RATIO AND COMMON-MODE 
INPUT-VOLTAGE-RANGE TEST CIRCUIT 

Vcc 



92CM- 14858 


Procedures*. 

Common-Mode Rejection Ratio: 

1. Set V BIAS - 0. Adjust V E for VouT(DC) * 0 ± 0.1 V. 

2. Apply 1-kHz sinusodial input signal and adjust for V« = 0.3 V 
(RMS). 

3. Measure and record the RMS value of Vony* An oscilloscope is 
used for this measurement so that the output signal may be visu- 
ally separated.fr om noise output. 

4. Calculate Common-Mode Voltage Gain: 

a CM = v out/Vs 

Acm in dB = -20 LOGio Vs/VquT 

5. Calculate Common-Mode Rejection Ratio: 

CMR in dB = AqifF in dB - Aqm ' n dB * 

Common-Mode Input-Voltage Range; 

1. Calculate and record CMR for various positive and negative values 
of Vrias within the maximum limits shown on Page 2. The Com- 
mon-Mode Input-Voltage Range limits are those values of Vrias 
at which CMR is 6 dB less than that calculated in Step 5 of the 
procedure given above. 


Fig. 11 













LINEAR INTEGRATED CIRCUITS 

CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, CA3030A, 
CA3037A, CA3038A 


COMMON-MODE REJECTION RATIO vs. FREQUENCY 



FREQUENCY (f ) — MH* 92CS- 14859 


Fig.l 2 


SINGLE-ENDED INPUT IMPEDANCE vs. TEMPERATURE 
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Fig. 13 


SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 



OUTPUT IMPEDANCE TEST CIRCUIT 




OUTPUT IMPEDANCE vs. TEMPERATURE 
Fig. 16 


NOISE FIGURE vs. FREQUENCY 
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LINEAR INTEGRATED CIRCUITS 


CA3011, CA3012 

Wide-Band Amplifiers 


FEATURES & APPLICATIONS 

• •xccptionally high amplifier gain; • excellent limiting characteristics - 

power gain at 4.5 MHz —75 dB typ. Input limiting voltage (knee) = 

600 /iV typ. at 10.7 MHz 

• wide frequency capability - 

100 kHz to > 20 MHz 

• supplied in the hermetic 10-lead 
TO-5 style package 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS AT Ta = 25° C 

Indicated voltage limits for each terminal can bo applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 8). 

NOTE: TERMINALS 6, 7, AND 9 OF RCA-CA3011 AND CA3012 ARE USED FOR INTERNAL 
CONNECTIONS. DO NOT APPLY VOLTAGES OR MAKE EXTERNAL CONNECTIONS TO 
THESE TERMINALS. 


CA3011 


TERMINAL 

VOLTAGE LIMITS 

VOLTAGE CONDITIONS AT OTHER TERMINALS \ 

1 

2 

3 . 

4 

5 

8 

10 

1 

-3 

+3 

- 

Same as 1 

Do Not Apply 

External Voltage 

+2.5 to +7.5 

+7.5 

Ground 

+7.5 

2 

-3 

+3 

Same as 2 

- 

+2.5 to +7.5 

+7.5 

Ground 

+7.5 

3 

-3 

+3 

-3 to +3 

Same as 1 

+2.5 to +7.5 

+7.5 

Ground' 

+7.5 

4 

+2.5 

+7.5 

-3 to +3 

Same as 1 

- 

+7.5 

Ground 

+7.5 

5 

0 

+10 

-3 to +3 

Same as 1 

+2.5 to +7.5 

- 

Ground 

+7.5 

8 

-3 

+7.5 

-3 to +3 

Same as 1 

+2.5 to +7.5 

+7.5 

Ground 

+7.5 

10 

0 

+10 

-3 to +3 

Same as 1 

+2.5 to +7.5 

+7.5 

Ground 

- 

CASE 

INTERNALLY CONNECTED TO TERMINAL N0.8 (GROUND TERMINAL) 


CA3012 


TERMINAL 

VOLTAGE LIMITS 

VOLTAGE CONDITIONS AT OTHER TERMINALS | 

1 

2 

3 

4 

5 

8 

10 

1 

-3 

+3 

- 

Same as 1 

Do Not Apply 

External Voltage 

+2.5 to +10 

+10 

Ground 

+10 

2 

-3 

+3 

Same as 2 

- 

+2.5 to +10 

+10 

Ground 

+10 

3 

-3 

+3 

-3 to +3 

Same as 1 

+2.5 to +10 

+10 

Ground 

+10 

4 

+2.5 

+10 

-3 to +3 

Same as 1 

- 

+10 

Ground 

+10 

5 

0 

+13 

-3 to +3 

Same as 1 

+2.5 to +10 

- 

Ground 

+10 

8 

-3 

+10 

-3 to +3 

Same as 1 

+2.5 to +10 

+10 

Ground 

+10 

10 

0 

+13 

-3 to +3 

Same as 1 

+2.5 to +10 

+10 

Ground 

- 

CASE 

INTERNALLY CONNECTED TO TERMINAL N0.8 (GROUND TERMINAL) | 


OPERATING-TEMPERATURE RANGE -55 to +125° C 

STORAGE-TEMPERATURE RANGE -65 to 4 190° C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE: 

Between Terminals 1 and 2 ±3 V 

MAXIMUM DEVICE DISSIPATION 300 mW 


RECOMMENDED MINIMUM DC SUPPLY VOLTAGE (V cc ) • • 5.5 V 


Example of Use of LIMITS TABLE: 

For RCA-3012, a maximum voltage of ±3 volts may beapplied 
to Terminal 1 under the following conditions: 

Terminal 2 is at the same dc potential as Terminal 1 

Terminal 3: do not apply external voltage 

Terminal 4 is at any dc potential between +2.5 and +10 volts 

Terminal 5 is at a dc potential of +10 volts 

Terminals 6, 7, and 9 are at 0 dc potential (NOT USED) 

Terminal 8 is at dc ground potential 

Terminal 10 is at a dc potential of +10 volts 


BLOCK DIAGRAM OF TYPICAL FM RECEIVER USING RCA-CA3011 OR CA3012 
INTEGRATED CIRCUIT WIDE BAND AMPLIFIER 



Fig. 4 



RESISTANCE VALUES ARE in OHMS 92CM- 13780 Rl 

* INTERNAL CONNECTION -do not use 


Fig. 1 — Schematic diagram for CA301 1 
and CA30 12. 


INPUT-IMPEDANCE COMPONENTS 
VS FREQUENCY 



Fig. 2 


OUTPUT-IMPEDANCE COMPONENTS 
VS FREQUENCY 



Fig. 3 


VOLTAGE GAIN AND INPUT LIMITING VOLTAGE 
VS FREQUENCY 


AMBIENT TEMPERATURE CT A )-25*C 

DC SUPPLY VOLTS ( VCC>- 7.5 

SOURCE RESISTANCE (Rs)-SOA 

LOAD RESISTANCE (Rl)-IKA 
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LINEAR INTEGRATED CIRCUITS 


CA3011, CA3012 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 



TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

SETUP 

& 

PROCEDURE 

FREQUENCY 

f 

DC 

SUPPLY 

VOLTAGE 

vcc 

AMBIENT 

TEMPERA- 

TURE 

ta 

RCA 

CA3011 


Fig. 

Mc/$ 

Volts 

°c 


Bffl 

[23 


8H1 

IE 


Total 

Device 

Dissipation* 

Pt 

6 

- 

B 

-55 


El 

- 

m 

O 

m 

m 



E3 

Bit 

BR1 

13 

E3 

IP! 

ESI 

+125 

L- 

m 

- 

IB 

El 

m 

E 

- 

B 

-55 

B 

IBM 

- 

m 

El 

El 

m 



El 

El 

m 

E9 

El 

m 

ES 


B 

El 

- 

E3 

E 

E 

El 

- 


.55 

- 

- 

- 

El 

m 

igi 

m 

■ 


- 

- 

- 

El 

El 

E 



- 

- 

- 

IB1 

El 

153 

inn 

Voltage Gain** 

A 


1 



- 

39 

- 

El 

33 

- 

m 



m 

66 

- 

E 

66 

- 

Ea 


- 

□ 

- 

33 

El 

B 

EH 

9 

1 


-55 

- 

a 

B 

33 

Bfl 

- 

■a 


+25 

m 

m 

- 

m 

■ 

- 

mm 

BB 

- 

m 

- 


■3 

- 

■B 

9 

1 



- 

- 

B 

IE 


- 

K9 

■ 

53 

- 

- 

- 

m 

8 

- 

na 

IB^N 

- 

- 

fl 

55 

66 

- 

■a 

9 

4.5 

7.5_ 

BBS 

m 

□ 

B 

El 

KB 

B 

m 

B 



+25 

55 

61 

B 

m 


- 

na 

Input-Impedance 

Components: 

Parallel Input 
Resistance 

Parallel Input 
Capacitance 

"IN 

■ 





3 

1 

1 




■ 

C IN 

■ 




- 

7 

■ 

■ 




B 

Output Impedance 
Components: 

Parallel Output 
Resistance 

Parallel Output 
Capacitance 

r 0UT 






31.5 

l 

1 




■ 

c 0UT 

8 

H 



- 

4.2 

■ 

■ 




B 


fl 

10 

D 


m 

1 

B 

l 

1 




■ 

Input Limiting 

Voltage (Knee) 


9 



1 

■ 

mi 


■ 






* The total current drain may be determined by dividing Pj by Vcc- ** Recommended minimum dc supply voltage (Vcc) is 5.5 V. Nominal 

load current flowing into terminal 5 is 1.5 mA at 7.5 V. 


DISSIPATION TEST SETUP 



Fig. 6 


INPUT-IMPEDANCE COMPONENTS 
TEST SETUP 


+ Hx 



OUTPUT-IMPEDANCE COMPONENTS 
TEST SETUP 



+ Vrr 

92CS-I38IO 

Fig. 8 


VOLTAGE-GAIN TEST SETUP 


♦Vcc 



PROCEDURES 
A - Voltage Gain: 

1) Set input frequency at desired value, 
v| =100 /xV rms. 

2) Record v 0 . 

3) Calculate Voltage Gain A from 
A =20 log io vo/vi 

4) Repeat Steps 1, 2, and 3 for each 
frequency and/or tor temperature desired. 

B - Input Limiting Voltage (Knee): 

1) Repeat Steps A1 and A2, using 
Vj = 100 mV 

2) Decrease v \ to the level at which v 0 

is 3 dB below its value for vj =100 mV. 

3) Record Vj as Input Limiting Voltage 
(Knee). 


Fig. 9 


NOISE FIGURE TEST SETUP 


+Vcc 



Li = 82 iM, center-tapped 
L 2 = 2.36 pN 

C 1 -C 2 - Arco Type 423 padder, or equivalent 

Fig. 10 
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LINEAR INTEGRATED CIRCUITS 


CA3013, CA3014 


Wide-Bond Amplifier-Discriminators 


SCHEMATIC DIAGRAM FOR CA3013 AND CA3014 



BLOCK DIAGRAM OF TYPICAL TELEVISION RECEIVER USING RCA INTEGRATED^ 
CIRCUIT SOUND-1 F AMPLIFIER ANO DETECTOR SECTION 



Fig. 1 


Fig. 2 


ABSOLUTE-MAXIMUM VOLTAGE LIMITS AT Ta = 25° C 

Indicated voltage limits for each terminal can be applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 8). 

CA3013 


TERMINAL 

VOLTAGE LIMITS 

VOLTAGE CONDITIONS AT OTHER TERMINALS | 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

-3 

+3 

- 

Same as 1 

Do Not Apply External Voltage 

+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

2 

-3 

+3 

Same as 2 

- 

+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

3 

-3 

+3 

-3 to +3 

Same as 1 

+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

4 

+2.5 

+7.5 

-3 to +3 

Same as 1 

' 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

5 

0 

+10 

-3 to +3 

Same as 1 

+2.5 to +7.5 

- 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

6 

+2.5 

*7.5 

-3 to +3 

Same as 1 

Same as 6 

+7.5 

. 

Same as 4 

Ground 

AF Output 

+7.5 

7 

+2.5 

+7.5 

-3 to +3 

Same as 1 

+2.5 to +7.5 

+7.5 

Same as 4 

- 

Ground 

AF Output 

+7.5 

8 

-3 

+7.5 

-3 to +3 

Same as 1 

+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

9 

0 

+7.5 

-3 to +3 

Same as 1 



+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 

- 

+7.5 

10 

0 

+10 

-3 to +3 

Same as 1 

+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 j 

Ground 

AF Output 

- 

CASE 

INTERNALLY CONNECTED TO TERMINAL No.8 (GROUND TERMINAL) 


CA3014 


TERMINAL 

VOLTAGE LIMITS 

VOLTAGE CONDITIONS AT OTHER TERMINALS | 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

-3 

+3 

- 

Same as 1 

Do Not Apply External Voltage 

+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

AF Output 

+10 

2 

*3 

+3 

Same as 2 

- 

+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

AF Output 

+10 

3 

-3 

+3 

•3 to +3 

Same as 1 

+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

AF Output 

+10 

4 

+2.5 

+10 

-3 to +3 

Same as 1 

- 

+10 

Same as 4 

Same as 4 

Ground 

AF Output 

+10 

5 

0 

+13 

*3 to +3 

Same as 1 

+2.5 to +10 


Same as 4 

Same as 4 

Ground 

AF Output 

+10 

6 

+2.5 

+10 

-3 to +3 

Same as 1 

Same as 6 

+10 

- 

Same as 4 

Ground 

AF Output 

+10 

7 

+2.5 

+10 

•3 to +3 

Same as 1 

+2.5 to +10 

+10 

Same as 4 

♦ 

Ground 

AF Output 

+10 

8 

-3 

+10 

•3 to +3 

Same as 1 

+2.5 to +10 

*10 

Same as 4 

Same as 4 

Ground 

AF Output 

+10 

9 

0 

+10 

-3 to +3 

Same as 1 

+2.5 to +10 

+10 ! 

Same as 4 

Same as 4 

Ground 

- 

+10 

10 

0 

+13 

-3 to +3 

Same as 1 

+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

AF Output 

* 

CASE 

INTERNALLY CONNECTED TO TERMINAL No.8 (GROUND TERMINAL) | 


FEATURES & APPLICATIONS: 

e exceptionally high gain: 

power gain at 4.5 MHz — 75 dB typ. 

a excellent limiting characteristics — 
input limiting voltage (knee) 

= 300 mV typ. at 4.5 MHz 

e excellent AM rejection: > 50 dB 
at 4.5 MHz 

e high audio-voltage recovery — 

220 mV typ. at 4.5 MHz 
25 kHz deviation 

e wide frequency capability - 100 kHz 
to > 20 MHz 

e comprehensive circuit functions: 
if amplifier, AM and noise limiter, 

FM detector, audio preamplifier 

• supplied in the hermetic 10-lead TO-5 
style package 


TYPICAL CHARACTERISTICS AND TEST SETUPS 



Fig.3 


OPERATING-TEMPERATURE RANGE 55to+125°C 

STORAGE-TEMPERATURE RANGE 65 to +150°C 

LEAD TEMPERATURE (During Soldering). 

At distance t/16± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE: 

Between Terminals 1 and 2 ± 3 V 

MAXIMUM DEVICE DISSIPATION 300 mW 

RECOMMENDED MINIMUM DC 

SUPPLY VOLTAGE (V cc ) 5.5 V 


Example of use of LIMITS TABLE: 

For RCA-CA3013, a maximum voltage of ±3 volts may be 
applied to Terminal 1 under the following conditions: 

Terminal 2 is at the same dc potential as Terminal 1 

Terminal 3: do not apply external voltage 

Terminal 4 is at anydc potential between +2.5 and +7.5 volts 

Terminal 5 is at a dc potential of +7.5 volts 

Terminals 6 and 7 are at the same dc potential as Terminal 

Terminal 8 is at dc ground potential 

Terminal 9 is used as the af output terminal 

Terminal 10 is at a dc potential of +7.5 volts 
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LINEAR INTEGRATED CIRCUITS 

CA3013, CA3014 


ELECTRICAL 

CHARACTERISTICS 

(See Page 8 for 
Definitions of Terms) 

SYMBOLS 

[ TEST CONDITIONS 

| LIMITS 


TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

SETUP 

& 

PROCEDURE 

FREQUENCY 

f 

DC 

SUPPLY 

VOLTAGE 

vcc 

AMBIENT 

TEMPERA- 

TURE 

ta 

RCA 

CA3013 

RCA 

CA3014 

UNITS 

Fig. 

Mc/s 

volts *' 

°c 

Min. 

Typ. 

iMax. 

Min. 

Typ. 

Max. 

Fig. 

Total 

Device 

Dissipation* 



- 


*55 

- 

m 

IB 

El 

13 


inf 

B 

+25 

dl 

13 

MM 

m 

13 

m 

HI 


- 

m 

B 

El 

IK3 

m 


H 

- 


-55 

- 

KTB 

'■1 

m 

OH 

■HI 

EM 


+25 

Ea 

03 


fin 

103 

HE3 

mem 

— 

- 

Bill 

Bi 

EH 

ifitia 

Mm 

MEM 

a 

- 


-55 

- 

- 

- 

m 

FJTil 

wm 

1 


+25 

- 

- 

- 

ili^ 

lElij 

WM 

KM 


_ 


- 


im 

gg 

KM 

Voltage Gain** 

A 

4 

1 


-55 

- 

E9 

- 

Bil 

o 

- 

B39 

■ 

■HB 

EH 

o 

- 

■ 

E3 

■I 

wm 


- 

o 

- 

El 

oi 

- 

KOI 

a 

1 


-55 

- 

El 

- 

Em 

BEl 

be 

mm 

■ 

+25 

EH 

El 

- 

m 

KOI 

- 

■m 


Q 

13 

- 

Em 

m 

- 

mm 

a 

1 


•55 . 

- 

- 

- 

Em 

EDI 

- 

KOI 



- 

- 

- 

KH 

EH 

- 

KOI 

mm 

- 

- 

- 

EH 

u 

- 

Km 

4 

4.5 

7.5 

+25 

m 

E 1 


El 

EM 

- 

KOI 

l 


7.5 

+25 

FI 

m 

- 

■ 

Ifll 

- 

KOI 

Input-Impedance 

Components: 

Parallel Input 
Resistance 

Parallel Input 
Capacitance 

r IN 




■ 

1 

i 

i 

i 

1 

1 

1 

■ 

C IN 

6 



b 

H 


B 

B 

B 

B 

B 

7 

Output-Impedance 

Components: 

Parallel Output 
Resistance 

Parallel Output 
Capacitance 

R 0UT 

8 

4.5 

7.5 

+25 

_ 

31.5 



31.5 



9 

C 0UT 

8 

4.5 

7.5 

+25 

- 

4.2 

- 

- 

4.2 

- 

PF 

9 

Noise Figure 

NF 

10 

4.5 

7.5 

+25 

- 

8.7 


- 

8.7 

- 

dB 

1 1 

Input Limiting 

Voltage (Knee) 

Vj(lim) 

14 

4.5 

7.5 

+25 

- 

300 

450 

- 

300 

400 

mV 

13 

Recovered A F Voltage 

v 0 (af) 

14 

4.5 

6 

+25 

- 

155 

- 

- 

155 

- 

mV 

13 

7.5 

+25 

128 

188 

- 

135 

188 

- 

mV 

10 

+25 

- 

- 

- 

- 

220 

- 

mV 

Amplituae-Modulation 

Rejection 

AMR 

15 

4.5 

7.5 

+25 

- 

50 

- 

- 

50 

- 

dB 

- 

Discriminator 

Output Resistance 

Ro(disc) 

- 

4.5 

7.5 

+25 

- 

60 

- 

- 

60 

- 

n 

- 

Total Harmonic 
Distortion 

THD 

14 

4.5 

7.5 

+25 

- 

1.8 

- 

lZ_ 

1.8 

- 

% 

12 


* Total current drain may be determined by dividing P-r«by Vcc- ** Recommended minimum dc supply voltage (Vqc) ** 5.5 V. 

Nominal load current flowing into terminal 5 is 1.5 mA at 7.5 V. 


VOLTAGE-GAIN TEST SETUP 

+Vcc 



PROCEDURE: 

1) Set input frequency at desired value, Vj = 100 /tV rms. 

2) Record v Q . 

3) Calculate Voltage Gain A from A =20 logj Q v Q /v i* 

4) Repeat Steps 1, 2, and 3 for each frequency 
and/or temperature desired. 

Fig. 4 


VOLTAGE GAIN vs. FREQUENCY 
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FREQUENCY (f)-Mc/t 


UC3-I37S2 

Fig. 5 


INPUT-IMPEDANCE COMPONENTS TEST SETUP 

+ 'fcc 



Fig. 6 


INPUT-IMPEDANCE COMPONENTS vs. FREQUENCY 



OUTPUT-IMPEDANCE COMPONENTS TEST SETUP 



Fig. 7 Fig. 8 


OUTPUT-IMPEDANCE COMPONENTS vs. FREQUENCY 



92CS-I3796 


Fig. 9 
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LINEAR INTEGRATED CIRCUITS 


CA3013, CA3014 

NOISE FIGURE TEST SETUP 

+v cc 



Lj = 82 fiH, center-tapped 
L 2 = 2.36 fM 

Ci, C2 = Arco Type 423 padder, or equivalent 


Fig . 10 


NOISE FIGURE vs. DC SUPPLY VOLTAGE 



92CS-I37M 


Fig. 11 


TOTAL HARMONIC DISTORTION vs. DC SUPPLY VOLTAGE 



S2C3-I37S0 


Fig. 12 


INPUT LIMITING VOLTAGE (KNEE) AND RECOVERED AF VOLTAGE 


ot 1.75 Mc/s 


at 4.5 Me/s 



92CS-I3793 

(a) 



PROCEDURE: 

A - Recovered-AF Voltage Output: 

1) Set input frequency =4.5 Mc/s, Vj = 100 mV rms, modulating 
frequency = 1 kc/s, frequency deviation 3 ±25 kc/s. 

2) Record v 0 as Recovered-AF Voltage Output. 

B - Input Limiting Voltage (Knee): 

1) Repeat Steps Al and A2, using V; = 100 mv rms. 

2) Decrease v, to the level at vhich v 0 is 3 dB below its value 
for Vj = 100 mV. 

3) Record v { as Input Limiting Voltage (Knee). 

INPUT LIMITING VOLTAGE, RECOVERED AF 
VOLTAGE, AND TOTAL HARMONIC 
DISTORTION TEST SETUP 

Fig. 14 



(b) 


Fig. 13 



PROCEDURE: 

1) With Switch S in position "a”, set input frequency = 4.5 Mc/s, 
vi = 10 mV rms, modulating frequency = 1 kc/s, frequency 
deviation = ±215 kc/s. 

2) Record v e . 

3) Place Switch S in position “b”. and set Input frequency -4.5 
Mc/s, vj = 10 mV rms, modulating frequency * 1 kc/s, 

% modulation *50. 

4) Measure v 0 , and record value in dB below value in Step 2 
as AM Rejection. 


AM-REJECTION TEST SETUP 


ot 10.7 Me/. 



92CS-I37W 


(C) 


DISCRIMINATOR TRANSFORMER SCHEMATIC 



CONSTRUCTION DETAILS OF DISCRIMINATOR 
TRANSFORMERS SHOWN IN FIGS. 2, 14 AND 15 


Coil-Form Outside Diamefet = 7/32 inch 

Slugs: Radio Industries, me. Type M E’ r Material, or equivalent 

Wire Typm: “GRIPEZE”*, or eethdert 


Op— >l«ig 
Frequency 
Mc/s 

lfceSis 

(AWG #> 

Turns 

Cl 

PF 

C2 

pF 


4* 

4 

1.75 

40 

44 

20 

44 total 

(2? bifriar 
wo— O 

820 

880 

4.5 

36 

I* 

7 

22 total 
(llbifilai 
wound) 

m> 

330 

10.7 

36 

If 

18 

18 total 
(9 Wit* 
wound* 

100 

100 


* Registered Trade Merit, Phelps- Dodge Capper Products. 


A wound bi filar. 

NOTE: The mutual coupring between Li and Ly ft adjusted 
for the desired degee of linearity* 


Fig. 15 


(H 

Fig. 16 














LINEAR INTEGRATED CIRCUITS 


CA3018, CA3018A 


General-Purpose Transistor Arrays 


TWO ISOLATED TRANSISTORS 
AND A DARLINGTON-CONNECTED 
TRANSISTOR PAIR 

For Low-Power Applications 
at Frequencies from DC 
Through the VHF Range 


The CA3018 and CA3018A consist of four general pur- 
pose silicon n-p-n transistors on a common monolithic 
substrate. 

Two of the four transistors are connected in the 
Darlington,, configuration. The substrate is connected 
to a separate terminal for maximum flexibility. 

The transistors of the CA3018 and the CA3018A are 
well suited to a wide variety of applications in low- 
power systems in the DC through VHF range. They 
may be used as discrete transistors in conventional 
circuits but in addition they provide the advantages 
of close electrical and thermal matching inherent in 
integrated circuit construction. 

The CA3018A is similar to the CA3018 but features 
tighter control of current gain, leakage, and offset 
parameters making it suitable for more critical appli- 
cations requiring premium performance. 


FEATURES 

• Matched monolithic general purpose transistors 

• Hpg matched ±10% 

• V BE matched ± 2 mV CA3018A (± 5m V CA3018) 

• Operation from DC to 120 MHz 
e Wide operating current range 

• CA3018A performance characteristics controlled 
from 10 p A to 10mA 

• Low noise figure - - 3.2 dB typical at lKHz 
e Full military temperature range capability 

(-55 to + 125°C) 

• The CA3018 is available in a sealed-junction 
Beam Lead version (CA3018L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 


• Supplied in the hermetic 12-lead TO-5 
style package. 


Maximum Ratings, Absolute-Maximum Values, 

Power Dissipation, P: CA3018 


F at TA-25°C 

CA3018A 


Any one transistor 300 300 mW 

Total package 450 450 m W 

Derate at 5 mW/°C for T A > 85°C 
Temperature Range: 

Operating -55 to + 125 -55 to + 125°C 

Storage -65 to + 150 -65 to + 150°C 


LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 


APPLICATIONS 

e General use in signal processing systems in DC 
through VHF range 

e Custom designed differential amplifiers 

• Temperature compensated amplifiers 

• See RCA Application Note, ICAN-5296 "Application 
of the RCA CA3018 Integrated-Circuit Transistor 
Array" for suggested Applications. 


The following ratings apply for each transistor in the device: 
Collector-to-Emitter Voltage, Vq E q 

Collector-to-Base Voltage, V CBO . 

Collector-to-Substrate Voltage, V CI< 

Emitter-to-Base Voltage, Vg B Q . . 

Collector Current, I— 50 


CA3018 

CA3018A 

• 15 

IS V 

. 20 

30 V 

-* 20 

40 V 

5 

5 V 

. 50 

50 mA 


*The collector of each transistor of the CA3018 and CA3018A 
is isolated from the substrate by an integral diode. The 
substrate (terminal 10) must be connected to the most neg- 
ative point in the external circuit to maintain isolation be- 
tween transistors and to provide for normal transistor action. 



92CS -23777 

Fig. 3 - Typical Static Forward Current-Transfer 
Ratio and Beta Ratio for Transistors Q, 
and 02 vs Emitter Current. 



Fig. 4 - Typical Static Forward Current - Transfer Ratio 
for Darlington-connected Tran sisters O 3 
and Q 4 vs Emitter Current. 



Fig. 5 - Typical Static Base-to-Emitter Voltage 
Characteristic and Input Offset Voltage for 
Qf and O 2 vs Emitter Current. 


Fig. 6 - Typical Base-To-Emitter Voltage Characteristic 
for Each Transistor vs Ambient Temperature 



92CS-I4244RI 

Fig. 1 - Schematic Diagram hr CA3018 and CA3018A 


STATIC CHARACTERISTICS 



Fig. 2 - Typical Collector-To-Base Cutoff Current vs 
Ambient Temperature for Each Transistor. 



Fig. 7 - Typical Col lector-To-Emm iter Cutoff Current vs 
Ambient Temperature for Each Transistor, 
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LINEAR INTEGRATED CIRCUITS 


CA3018, CA3018A 


Characteristics apply for each transistor in the CA3018 and CA3018A as specified. 


ELECTRICAL 
CHARACTERISTICS 
at T a - 25°C 

SYMBOLS 

SPECIAL TEST CONDITIONS 

CA3018 

LIMITS 

CA3018A 

LIMITS 

Units 

CHARAC- 

TERISTICS 

CURVES 

Min. | Typ. | Max. 

Min. | Typ. | Max. 



STATIC CHARACTERISTICS 

Collector-Cutoff Current 

'CBO 

v CB= iov.i E =o 


0.002 

100 

- 

0.002 

40 

nA 

2 

Collector -Cutoff Current 

'CEO 

V C eJ°VJb = 0 


See Curve 

5 

- 

See Curve 

0.5 

mA 

7 

Collector-Cutoff Current 

Darlington Pair 

'CEOD 

v ce =iov,i b ,o 

- 

- 

- 

- 

- 

5 

mA 

- 

Collector -to-Emitter 

Breakdown Voltage 

V (BR)CE0 

l c =lmA,l B =0 

15 

24 

- 

15 

24 

- 

V 

- 

Collector-to-Base 

Breakdown Voltage 

V (BR)CB0 

I c = 1(^A,I e =0 

20 

60 

- 

30 

60 

- 

V 

- 

Emitter-to-Base 

Breakdown Voltage 

V (BR)EB0 

i e =im,i c =o 

5 

7 

- 

5 

7 

- 

ii 

- 

Collector -to-Substrate 

Breakdown Voltage 

V (BR)CI0 

Iq= 1 QuA,Ici =0 

20 

60 

- 

40 

60 

- 

V 

- 

Col lector -to-Emitter 

Saturation Voltage 

V CES 

|g= 1mA, Iq- 10mA 

- 

0.23 

- 


0.23 

0.5 

V 

- 

Static Forward Current 

Tansfer Ratio 

h FE 

( l c =10mA 

V ce =3V. { \ c - 1mA 

1 IqsIQuA 

30 

100 

100 

54 

200 

50 

60 

30 

100 

100 

54 

200 

- 

3 

Magnitude of Static-Beta Ratio 
(Isolated Transistors Qj and Q 2 ) 


V CE =3VJ Cr l C2 =lmA 

0.9 

0.97 

- 

0.9 

0.97 

- 

- 

3 

Static F award Current Transfer 
Ratio Darlington Pair 
(Q 3 & Q 4 ) 

h FED 

v «= 3v 

1500 

5400 

- 

2000 

1000 

5400 

2800 

- 

- 

4 

Base-to-Emitter Voltage 

V BE 


- 

0.715 

0.800 

- 

0.600 

0.715 

0.800 

0.800 

0.900 

V 

5 

Input Offset Voltage 

V BEj 

* v be 2 

v CE = 3 V(l E =lmA 

- 

0.48 

5 

- 

0.48 

2 

mV 

5,8 

Temperature Coefficient: 
Base-to-Emitter Voltage 

Q 1 .Q 2 

I av beI 

AT 

V CE = 3 v . | E =lmA 

- 

1.9 

- 

- 

1.9 

- 

mV/ 

°C 

6 

Base (Q 3 )-to-Emitter (Q 4 ) 
Voltage-Darlington Pair 

V BED 

(V 9 - 1 ) 

Vpr=3V 'E =1()raA 

CE l E = 1mA 

" 

1.46 

1.32 

- 

1.10 

1.46 

1.32 

1.60 

1.50 

V 

9 

Temperature Coefficient: 
Base-to-Emitter Voltage 

Darlington Pair-Q 3 ,Q 4 

^bedI 

AT 

V CE =3V1 E =lmA 

- 

4.4 

- 

- 

4.4 

- 

mV/ 

/o c 

10 

Temperature Coefficient: 

Magnitude of Input-Offset Voltage 

IV v be 2 | 

Vcc-6V,Vee=-6V, 

fCi=fC 2 =lmA 

- 

10 

- 

- 

10 

- 


- 

AT 



Fig. 8 - Typical Offset Voltage Characteristic vs 
Ambient Temperature 



Fig. 9 - Typical Static Input Voltage Characteristic for 
Darlington Pair (Qj and Qj) vs 
Emitter Current 



Fig. 70 - Typical Static Input Voltage Characteristic for 
Darlington Pair (Qj and Qj) vs 
Ambient Temperature. 



Fig. 11(a) - Noise Figure vs Collector Current , 

r s = 500 a 


20 

0 

T 

1 15 

u 

ac 

3 

2 

10 

£ 

i 

5 

0 

COLLECTOR -TO-EMITTER VOLTAGE tV 
SOURCE RESISTANCE (R s )»IOOOH 
AMBIENT TEMPERATURE (Ta)'2S*C | 

CE )*3V 
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Fig. 11(b) - Noise Figure vs Collector Current, R$ s 1 KQ.. 



Fig.ll(c) - Noise Figure vs Collector Current, 
R s = 10 KQ. 
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LINEAR INTEGRATED CIRCUITS 


CA3018, CA3018A 


ELECTRICAL CHARACTERISTICS, (CONT’D) 


DYNAMIC CHARACTERISTICS 

CA3018 

CA3018A 


Low Frequency Noise Figure 

NF 

f=l KH2 ,Vq£=3V,Ic z 10QuA 
Source resistance-1 KfJ 

- 

3.25 


- 

3.25 

- 

dB 

11(b) 

Low-Frequency .Small-Signal 
Equivalent-Circuit 

Characteristics: 





— 






Forward Current-Transfer Ratio 

h fe 



- 

110 

- 

- 

110 

- 

- 

12 

Short-Circuit Input Impedance 

fye 



- 

3.5 

- 

- 

3.5 

- 

Kn 

12 

Open-Circuit Output Impedance 

h oe 

f=lkHz,V CE =3\ 

M c =lmA 

- 

15.6 

- 

- 

15.6 

- 

,umho 

12 

Open-Circuit Reverse 
Voltage-Transfer Ratio 

h re 



- 

1.8x10-4 

~ 


l.BxlH 

- 

- 

12 

Admittance Characteristics: 











Forward Transfer Admittance 

Yfe 



- 

31-jl.5 


i 

31-j 1.5 

- 

mmho 

13 

Input Admittance 

^ie 

f=lMHz,V CE =: 

V,l c =lmA 

- 

Q.3+j0.04 

J 


0.3+j0.04 


mmho 

14 

Output Admittance 

Y 

T oe 

- 

O.OOl+jO.03 

- 

- 

0.001ti0.03 

i 

mmho 

15 

Reverse Transfer Admittance 

Yre 



See Curve 

See Curve 

mmho 

16 

Gain-Bandwidth Product 

f T 

V CE =3V - , C =3mA 

300 

500 

- 

300 

500 

- 

VHz 

17 

Emitter-to-Base Capacitance 

C EB 

V EB --3V,l r 0 

- 

0.6 

- 

- 

0.6 

- 

pF 

- 

Col lector -to-Base Capacitance 

C CB 

v cb =3vi c =0 

- 

0.58 

- 

- 

0.58 

~ 

PF 

- 

Col lector -to-Substrate Capacitance 

C CI 

V C |.3V,I C =0 

- 

2.8 

- 

- 

2.8 

- 



PF 

- 



Fig. 12 - Forward Current-Transfer Ratio (hf 9 ), Short- 
Circuit Input Impedance (h/ e ), Open-Circuit 
Output Impedance (h Qe ), and Open-Circuit 
Reverse Voltage-Transfer Ratio (h r9 ) 
vs Collector Current 


COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (Ta)- 25 °C 
COLLECTOR -TO-EMITTER VOLTAGE (Vce)- 
COLLECTOR CURRENT (I C )*lmA 
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Fig. 13 - Forward Transfer Admittance (Y f e ) 


Fig. 14 - Input Admittance (Y j e ) 


Fig. 15 - Output Admittance (Y oe ) 


COMMON-EMITTER CIRCUIT\BASE INPUT 
AMBIENT TEMPERATURE (Ta)*23 <, C 
COLLECTOR-TO-EMITTER VOLTAGE (VcE> *3 V 
COLLECTOR CURRENT mA 






h 

z 

un O 



L 



Ore ‘S 

SMALL 

AT 

N 5( 

FR 

30 

:cx 

MH 

JENCIES 

— 






LE 

5S THA 

p 

p* 

si 

§'1-0-5 

O jD 

f,Q 

kg " 

pS 

Uig —1.5 

x -2 



’ - 1 


~ 



— 

— 


b re 












X 
























, 



















































FREQUENCY(f )-MHz 


92CS- 23791 


X 

z 

T- 

~ 800 

i 700 

^ 600 
X 


cc 

AA 

)LLE 

•BIEf 

CTO 
4T T 

R-T 

EMP 

0-E 

ERAT 

MITT 

URE 

ER 

<T A ) 

VOLT 

*25* 

AGE 

c 

t 

VCE> 

* 3 V 

1 

I 

l 

l 

J 

1 


Si 

§ 

k 

i 

jw 

n:: 

ifH 

P 

g 

ki 

1 


| 

( 

1 

I 

t 

l 

% 

1 

s 

tn 

Kt 



1 

fris 

M- 4 - 4 - 

n 

| 

1 

I 

m 


1 

| 400 
m 

I 

1 

M 


if 

g 

ii 

I 


i 

V 

Ii 

1 

i 

1 

• 300 

g 

njr 



Tk 




i 

Tj 

pi 

ggg 

|| 

PS 

3 200 

100 

H 

W: 



TpT 

’ : : : 


M 


£ 

Ii 

p|| 


1 

H 

I 

1 

s 

m 

m 

H 

H 

§§ 

| 

n 


H 

g 


0 I23456789IO 


COLLECTOR CURRENT (Ic> — mA 


Fig. 16 - Reverse Transfer Admittance (Y fe ) 


Fig. 17 - Typical Gain-Bandwidth Product (fj) vs 
Collector Current 
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LINEAR INTEGRATED CIRCUITS 


CA3019 

DIODE ARRAY 


HIGHLIGHTS 

The CA3019 consists of one Diode “Quad” and two Isolated Diodes on a Common 
Substrate. 

• Designed for use in Telemetry, Data-Processing, Instrumentation, and Communication 
Equipment 

• Built-in Temperature Stability for Operation from -55°C to +125°C 

• 10-Terminal TO-5 Package APPLICATIONS 

• Hermetically Sealed •Modulator •Analog Switch 

• Companion Application Note, ICAN-5299 “Application of the RCA CA3019 Integrated- •Mixer • Diode Gate for Chopper- 

Circuit Diode Array” • Balanced Modulator Modulator Applications 


• Excellent Diode Match 

• Low Leakage Current 

• Low Pedestal Voltage when Gating 


ABSOLUTE-MAXIMUM RATINGS: 

DISSIPATION: 

Any one diode unit 20 max. inW 

Total for device 120 max. mW 

TEMPERATURE RANGE: 

Storage -65 to +i!50 °C 

Operating -55 to + 125 °C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max , *-265°C 

VOLTAGE: See Table 


Absolute-Maximum Voltage Limits at T A = 25°C 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 

1 

-3 

+ 12 

7 

-6 

2 

-3 

+ 12 

7 

-6 

3 

-3 

+ 12 

7 

-6 

4 

-3 

+ 12 

7 

-6 

5 

-3 

+ 12 

7 

-6 

6 

-3 

+ 12 

7 

-6 

7 

-18 

0 

1, 2, 

V 

0 

8 

-3 

+ 12 

7 

-6 

9 

-3 

+ 12 

7 

-6 

10 

NO CONNECTION 

CASE 

INTERNALLY CONNECTED TO TERMINAL 7 

DO NOT GROUND 


ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, T A , of 25°C 
CHARACTERISTICS APPLY FOR EACH DIODE UNIT, UNLESS OTHERWISE SPECIFIED. 




TEST 

CIRCUITS 


LIMITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

TYPE 

CA3019 



Fig. 


Min. 

Typ. 

Max. 

Units 

Fig. 

DC Foiward Voltage Drop 

VF 

- 

DC Forward Current (Ip) = 1 mA 

- 

0.73 

0.78 

V 

2 

DC Reverse Breakdown Voltage 

V(BR)R 


DC Reverse Current (1 r) = -10^ A 

4 

6 

- 

V 

- 

DC Reverse Breakdown Voltage 
Between any Diode Unit and 
Substrate 

V(BR)R 

- 

DC Reverse Current (Ir) = -10 yuA 

25 

80 


V 

- 

DC Reverse (Leakage) Current 

|R 

- 

DC Reverse Voltage (Vr) =-4 V 

- 

0.0055 

10 

fiA 

3 

DC Reverse (Leakage) Current 
Between any Diode Unit and 
Substrate 

■r 


DC Reverse Voltage (Vr) =-4 V 

- 

0.010 

10 


- 

Magnitude of Diode Offset 
Voltage (Difference in DC 
Forward Voltage Drops of 
any Two Diode Units) 

Kr vf 2 | 


DC Forward Current (If) = 1 mA 

- 

1 

5 

mV 

- 

Single Diode Capacitance 

CD 


Frequency (f) = l MHz 

DC Reverse Voltage (Vr) = -2 V 

- 

1.8 

* 

PF 

4 

Diode Quad-to-Substrate 
Capacitance 

C'DQ-I 


Frequency (f) = 1 MHz 

DC Reverse Voltage (Vr) between 
Terminal 2,5,6, or 8 of Diode Quad 
and Terminal 7 (Substrate) = -2 V 









Terminal 2 or 6 to Terminal 7 

- 

4.4 

- 

PF 

5 




Terminal 5 or 8 to Terminal 7 

- 

,7 

- 

PF 

6 

Series Gate Switching 

Pedestal Voltage 

v s 

7 



10 

- 

mV 

- 



Fig. 7 - Schematic Diagram for CA30J9. 


TYPICAL CHARACTERISTICS 



92CS- 14253 


Fig. 2 - DC Forward Voltage Drop (any Diode) vs 
Temperature for CA3019. 



92C5-H23I 

Fig. 3 - Reverse ( Leakage ) Current (any Diode) vs 
Temperature far CA30I9. 
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LINEAR INTEGRATED CIRCUITS 


CA3019 


TYPICAL CHARACTERISTICS (Cont'd) 



Fig.4 - Diode Capacitance (any Diode) vs Reverse 
Voltage for CA30I9. 



DC REVERSE VOLTS (V R ) BETWEEN TERMINAL Z OR 6 
AND SUBSTRATE (TERMINAL 7) 92cs .,, 



DC REVERSE VOLTS (V R ) BETWEEN TERMINALS 5 OR 8 
AND SUBSTRATE (TERMINAL 7) 


Fig. 5 - Diode Quad-to-Substrate Capacitance vs 
Reverse Voltage for CA3019. 


Fig. 6 - Diode Quad-to-Substrate Capacitance vs 
Reverse Voltage for CA3019 . 
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LINEAR INTEGRATED CIRCUITS 


CA3020, CA3020A 


MULTIPURPOSE WtBE-BAND 
POWER AMPLIFIERS 

The RCA-CA3020 and CA3020A are Integrated-Circuit, 
Multistage, Multipurpose, Wide-Band Power Amplifiers 
on a single monolithic silicon chip. They employ a 
highly versatile and stable direct-coupled circuit con- 
figuration featuring wide frequency range, high voltage 
and power gain, and high power output. These features 
plus inherent stability over a wide temperature range 
make the CA3020 and CA3020A extremely useful for a 
wide variety of applications in military, industrial, and 
commercial equipment. 


ABSOLUT E-MAXIMUM RATINGS; 


For Military, Industrial, 
and Commercial Equipment 
at Frequencies up to 8 MHz 

The CA3020 and CA3020A are particularly suited for 
service as Class B power amplifiers. The CA3020A 
can provide a maximum power output of 1 watt from a 
12-volt DC supply with a typical power gain of 75 dB. 
The CA3020 provides 0.5 watt power output from a 
9-volt supply with the same power gain. 

These types are supplied in hermetically sealed, TO-5 
style 12-lead packages. 


SCHEMATIC DIAGRAM FOR CA3020 AND CA3020A 



The resistance values included on the schematic dia- 
gram have been supplied as a convenience to assist 
Equipment Manufacturers in optimizing the selection 
of "outboard** components of equipment designs. The 
values shown may vary as much as ± 30%. 

RCA reserves the right to make any changes in the Re- 
sistance Values provided such changes do not ad- 
versely affect the published performance characteris- 
tics of the device. 


DISSIPATION: 

WITHOUT HEAT SINK 

WITH HEAT SINK 

At T A = 25°C 

Above T a = 25°C 


At T c = 25°C 2 W 

At T c = 25°C to T c = 55 °C 2 W 

Above Tq = 55°C . . derate linearly 16.7 mW/°C 


TEMPERATURE RANGE: 

Operating -55°C to +125°C 

Storage -65°C to +150°C 


LEAD TEMPERATURE (During Soldering): 

At distance 1 / 1 6 ± 1 /32 inch (1 .59 ± 0.79mm) 

from case for 10 seconds max +265°C 


MAXIMUM VOLTAGE RATINGS at T A = 25°C 


The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the MAXIMUM 


voltage range of the vertical terminal 1 with respect to terminal 12 is 0 to +10 volts. 


TERM- 

INAL 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 


• 

* 

* 

* 

* 

• 

* 

A 0 

-10/-12 

+3 

Note 1 

* 

+10 

0 

2 



* 

* 

♦ 

* 

* 

* 



* 

* 

* 

+2 

-2 

3 




* 

• 

* 

* 

* 

* 

* 

♦ 

+2 

-2 

4 





A 

+18/+25 

0 

* 

* 

♦ 

• 

* 

* 

A 

+18/+25* 

0 

. 

5 






• 

* 

• 

* 

* 

★ 

.3 

Note 2 

6 







A 

0 

-18/-25 

* 

* 

* 

* 

+3 

Note 2 

7 








* 


* 

♦ 

+18/ +25 

0 

8 









Note 3 

* 

* 

Note 3 

0 

9 










+ 10 

0 

Note 1 

0 

+10^+12 

10 











* 

+10 

0 

11 












• 

12 












REF. 

SUB- 

STRATE 


CURRENT RATINGS 


TERM- 

INAL 

No. 

l \H 

mA 

buT 

mA 

1 


20 

2 



3 

- 

- 

4 

300 

- 

5 


300 

6 

* 

300 

7 

300 


8 


- 

9 

20 


10 

1 

- 

11 

20 

- 

12 


• 


Note 1; This voltage is established by the maximum current 
rating. 

Note 2: The emitters of Qg and Q7 may be returned to a nega- 
tive voltage supply through emitter resistors. Current 
into terminal No . 9 should not be exceeded and the 
total device dissipation should not be exceeded. 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 

A Higher value la for CA3020A. 


Note 3: Terminal No. 8 may be connected to terminals Nos. 9, 
11, or 12. 


FEATURES 

• High power output - class B amplifier — 

CA3020 0,5 watt typ. at - + 9V 

CA3020A ... 1.0 watt typ. at V cc • + 12V 

• Wide frequency range — 

Up to 8 MHZ with resistive loads 

• High power gain 75db typ. 

• Single power supply for class B operation 
with transformer — — 

CA3020 3 to 9V 

CA3020A 3 to 12V 

• Built-in temperature-tracking voltage 
regulator provides stable operation over 
-55°C to +125°C temperature range 

APPLICATIONS 

• AF power amplifiers for portable and fixed sound and 

communications systems 

• Servo-control amplifiers 

• Wide-band linear mixers 

• Video power amplifiers 

• Transmission-line driver amplifiers (balanced and 

unbalanced) 

• Fan-in and fan-out amplifiers far computer logic 

circuits 

• Lamp-control amplifiers 

• Motor-control amplifiers 

• Power multivibrator 

• Power switches 

• Companion Application Nate, ICAN 5766 "Application 
of CA3020 and CA3020A Integrated Circuit Multi- 
purpose Wide-Band Power Amplifiers!" 


I 
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LINEAR INTEGRATED CIRCUITS 


CA3020, CA3020A 

ELECTRICAL CHARACTERISTICS AT T A =25°C 


CHARACTERISTICS 

SYMBOLS 

r TEST CONDITIONS H 


LIMITS 

CA3 020 

LIMITS 

CA3020A 

UNITS 

CIRCUIT 

AND 

PROCEDURE 

DC 

SUPPLY 

VOLTAGE 


FIG. 

V CC 1 

V CC 2 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


Collector-to-Emitter 

Breakdown Voltage, Qg & Q 7 
at 10 mA 

V (BR)CER 

2 a 



18 



25 



V 

Collectof-to-Emitter 

Breakdown Voltage, Qj 
at 0.1 mA 

V (BR)CE0 




10 



10 



V 

Idle Currents, Qg & Q 7 

l 4 IDLE 
l 7 IDLE 

4 

9.0 

2.0 


5.5 



5.5 


mA 

Peak Output Currents, 

Q 6 & 

I 4 PK 

l 7 PK 

4 

9.0 

2.0 

140 



180 



mA 

Cutoff Currents, 

Q 6 & Q 7 

l 4 CUTOFF 
l 7 CUTOFF 

4 

9.0 

2.0 



1.0 



1.0 

mA 

Differetial Amplifier 

Current Drain 

•cci 

4 

9.0 

9.0 

6.3 

9.4 

12.5 

6.3 

9.4 

12.5 

mA 

Total Current Drain 

ICC 1 + 

•CC2 

4 

9.0 

9.0 

8.0 

21.5 

35.0 

14.0 

21.5 

30.0 

mA 

Differential Amplifier 

Input Terminal Voltages 

V 2 

V 3 

4 

9.0 

2.0 


1.11 



1.11 


V 

Regulator Terminal Voltage 

V 11 

4 

9.0 

2.0 


2.35 



2.35 


V 

Q, Cutoff (Leakage) Currents: 
Collectohto-Emitter 

'CEO 


10.0 



_ 

100 


- 

100 


Emitter-to-Base 

'EBO 

- 

3.0 


- 

_ 

0.1 

- 

- 

0.1 

Col fector-to* Base 

'CBO 


3.0 


- 

- 

0.1 

- 

- 

0.1 

Forward Current Transfer 

Ratio, Q} at 3 mA 

h FEl 


6.0 


30 

75 


30 

75 



Bandwidth at -3 dB Point 

BW 


6.0 

6.0 


8 



8 


MHz 

Maximum Power Output 

p 0(MAX) 

6 

6.0 

6.0 

200 

300 a 

- 

200 

300® 


mW 

9.0 

! 9.0 

400 

550® 

- 

400 

550* 


9.0 

12.0 




800 

1000 b 

- { 

Sensitivity for Pquj mW 

e IN 

6 

9.0 

9.0 


35 a 

55 




mV 

Sensitivity for Pqut = 800 mW 

e IN 

6 

9.0 

12.0 





5Q b 

100 

mV 

Input Resistance— - 
Terminal 3 to Ground 

R IN3 

9 

6.0 

6.0 


1000 



1000 


a 

Junction-to-Case 

Thermal Resistance 

^J-C 

- 

- 

- 



60 



60 

°c/w 



a. CoUectorto-emitter breakdown voltage (Qg & Qj) circuit 



b. Typical audio amplifier circuit utilizing the CA3020 or 
CA3020A as an audio preamplifier and den B power » 
amplifier 


Fig. 2 


TYPICAL TRANSFER CHARACTERISTICS 


a R C C = 130 Q 

b R C c = 200 fl 


TYPICAL PERFORMANCE DATA 

An External Radiator is Recommended for High Ambient Temperature Operation 


CHARACTERISTICS 

SYMBOLS 

CA3020 

CA3020A 

UNITS 

Power Supply Voltage 

v CCl 

9.0 

9.0 

V 

v cc 2 

9.0 

12.0 

Diff. Ampl. 

'cci 

15 

15 

mA 

Output Ampl. 

'cc 2 

24 

24 

c . Diff. Ampl. 

'cci 

16 

16.6 

mA 

Maximum Signal Currant 

Output Ampl. 

'cc 2 

— m— 

140 

Maximum Power Output at THD = 10% 

Po 

550 

1000 

mW 

Sensitivity 

e IN 

35 

45 

mV 

Power Gain 

G P 

75 

75 

dB 

Input Resistance 

r in 

55 

55 


Efficiency 

V 

45 

55 

% 

Signal-to*Noise Ratio 

S/N 

70 

66 

dB 

THD at 150 mW level 


3.1 

3.3 

% 

Test Signal Frequency from 600H Generator 


1000 

1000 

HZ 

Equivalent Col lector-to-Col lector Load Resistance 

R cc 

130 

200 

n 




DIFFERENTIAL AMPLIFIER INPUT MILLIVOLTS (V23) 92CS-I5226 
b. Characteristics with Rjq shorted out 


Fig. 3 
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LINEAR INTEGRATED CIRCUITS 


CA3020, CA3020A 


VCC| 



STATIC CURRENT AND VOLTAGE TEST CIRCUIT 

VCC2 


CURRENTS OR 
VOLTAGES 

SI 

$2 

U-IDLE 

open 

open 

'7-IDLE 

open 

open 

*4- PEAK 

open 

close 

* 7-PEAK 

close 

open 

U-CUTOFF 

close 

open 

'7-CUTOFF 

open 

close 


CURRENTS OR 
VOLTAGES 

SI 

S2 

'cci 

open 

open 

'CC2 

open 

open 

V 2 

open 

open 

V 3 

open 

open 

V li 

open 

open 


Fig. 4 



MEASUREMENT OF BANDWIDTH AT -3 dB POINTS 

+ VCCI +VCC2 


PROCEDURES: 

1. Apply desired value of and V^,^. 

2. Apply 1 kHz input signal and adjust f(?r e TW — 

5 mV (rms) 

3. Record the resulting value of e_ TT _ in dB 

(reference value) 1 

4. Vary input-signal frequency, keeping e^ constant at 
5 mV, and record frequencies above ana below 1 kHz 
at which e r»u'j < decreases 3 dB below reference value. 

5. Record bandwidth as frequency range between -3 dB 
points. 


Fig. 5 


MEASUREMENTS OF ZERO-SIGNAL DC CURRENT DRAIN, MAXIMUM-SIGNAL DC CURRENT DRAIN, 

MAXIMUM POWER OUTPUT, CIRCUIT EFFICIENCY, SENSITIVITY, AND TRANSDUCER POWER GAIN 

Maximum-Signal DC Current Drain, Maximum Power 
Output, Circuit Efficiency, Sensitivity, and Transducer 
Power Gain 

1. Apply desired value of and V cc and adjust 

e IN to t * ie va * ue at which the^Total Harmonic Distor- 
tion in the output of the amplifier = 10% 

2. Record resulting value of I cc and I cc in mA as 

Maximum-Signal DC Current Drain ^ 

3. Determine resulting amplifier power output in watts 
and record as Maximum Power Output (PquT^ 

4. Calculate Circuit Efficiency ( Tf ) in % as follows: 



ry = 100 - 


OUT 


2 

and 


V CC 1 I CC 1 +V CC 2 I C 

where P QUT is in watts, V cc *nu y 
volts, and 1^,^ and I nr . are 1 in amperes. 

1 '-^-'2 

~ IN in mv (rms) required in Step 1 


A CC 

5. Record value of A ei 


PROCEDURES: 

Zero-Signal DC Current Drain 


as Sensitivity (e^) 


1. Apply desired Value of V and V,-,-. and reduce 

e IN to OV 1 CC 2 

2. Record resulting values of l rn and l rr in mA 

as Zero-Signal DC Current Drain. 1 ^2 

Fig. 10 


6. Calculate Transducer Power Gain (Gp) in dB as 
follows: p 


G p = 101og 10 - 


where P^ (in mW) : 


Fig. 6 


”( 10 ) 




DIFFERENTIAL AMPLIFIER INPUT MILLIVOLTS (V23) 92CS-I9223 

b. Characteristics with R^q in circuit 


Pig. 7 


ZERO SIGNAL AMPLIFIER CURRENT vs DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE 



a. Test Setup 



DIFFERENTIAL AMPLIFIER SUPPLY VOLTS (V£ C |) 92CS-I3229 

b. Differential Amplifier Characteristics 

Fig,8 



c. Output Amplifier Characteristics 
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LINEAR INTEGRATED CIRCUITS 


CA3020, CA3020A 


MEASUREMENT 

+VCC 1 +VCC2 



INPUT RESISTANCE 
PROCEDURES: 

Input Resistance Terminal 10 to Ground ( R^ ) 

1. Apply desired value of V--, and and seVs in 

Position 1 CC 1 l - c 2 

2. Adjust 1 - kHz input for desired signal level of mea- 
surement 

3. Adjust R for e?" e r/2 

4. Record resulting value of R as R TM 

1W 10 

Input Resistance Terminal 3 to Ground (R|^ ) 

1. Apply desired value of and se^ S in 

Position 2 LL 1 cc -2 

2. Adjust 1-kHz input for desired signal level of mea- 
surement 

3. Adjust R for e 2 = e j/2 

4. Record resulting value of R as 


MEASUREMENT OF SIGNAL-TO-NOISE RATIO 
AND TOTAL HARMONIC DISTORTION 



PROCEDURES: 

Signol-to-Noise Ratio 

1. Close Sj and S^; open S2 

2. Apply desired values of V cc and V cc 

3. Adjust ej^ for an amplifier^ output o? ISOraW and 

record resulting value of in dB as e Q UT 

(reference value) * 

4. Open and record resulting value of e ou»j* in dB as 

e ° UT 2 e 

* OUT . 

5. Signal-to-N oise Ratio (S/N) = 201og 10 1 - 

e OUT 2 



a. Test Setup 



POWER AMPLIFIER COLLECTOR VOLTS (V 4 .V 7 ) 92CS-IMZS 
b. Characteristic 


Fig.11 


Total Harmonic Distortion 

1. Close Sj and S 2 ; open S3 

2. Apply desired valueB of and 

3. Adjust e^ for desired level i^nplifier odlput power 

4. Record Total Harmonic Distortion (THD) in % 

Fig.10 


ZERO SIGNAL AMPLIFIER CURRENT 
vs AMBIENT TEMPERATURE 





Fig. 12 











LINEAR LI NTEGRATED CIRCUITS 


CA3021, CA2022, CA2023 

Low-Power Video and Wideband Amplifiers 

RCA-CA3021, CA3022, and CA3023 are low-power integrated-circuit wideband 
amplifiers with a wide range of applications in industrial, military, and commercial 
communications equipment. Each consists of a multistage amplifier circuit and un- 
connected diodes on a single chip, hermetically sealed in a 12-lead TO-5 style 
package. The diodes may be connected to provide limiting in FM applications. 

The CA3021, CA3022, and CA3023 have the same maximum ratings, and differ 
principally in dissipation (dc power requirements) and bandwidth capability. All 
three devices are designed for operation over the temperature range from -55° C to 
+125° C. 


APPLICATIONS 

• Gain- Controlled Linear Amplifiers 


• AM/FM IF Amplifiers • Video Amplifiers • Limiters 
SCHEMATIC DIAGRAM FOR CA3021, CA30 22, AND CA3023 


ABSOLUTE-MAXIMUM RATINGS: 

OPERATING-TEMPERATURE RANGE -55°C to+l25°C 
STORAGE-TEMPERATURE RANGE -65°C to +150°C 
LEAD TEMPERATURE (During Soldering): 

At distance 1 / 1 6 ± 1/32 inch ( 1 .59 ± 0.79mm) 

from case for 10 seconds max +265°C 

DEVICE DISSIPATION. P T 120 max. mW 

INPUT-SIGNAL VOLTAGE -3. +3 max. V 

DC VOLTAGES AND CURRENTS . . . . See Table Below 


HIGHLIGHTS 


• Low DC Power Drain: 

tCA3021 = 4 mW typ. 1 
P D < CA3022 = 12.5 mW typ. V 
(CA3023 = 35 mWtyp. ) 


at V CC 
6 V 


* Excellent frequency response: 
-3 dB i CA3021 = 2.4 MHz typ. 
BW \ CA3022 = 7.5 MHz typ. 
ICA3Q23 = 16 MHz typ. 


• High Voltage Gain: 

( CA3021 = 56 dB typ. at 0.5 MHz 
A < CA3022 = 57 dB typ. at 2.5 MHz 
( CA3023 = 53 dB typ. at 5 MHz 

• Wide AGC Range: 33 dB typ. 


• Only one power supply (4.5 to 12 V) required 

• Hermetically Sealed 12-Lead T0-5-style package 

• Operation from -55° C to +125? C 



VOLTAGE OR 
CURRENT LIMITS 

CIRCUIT CONDITIONS 

TERMINAL 

NEGATIVE 

POSITIVE 

TERMINAL 

CONDITIONS 

1 

-3V 

+3V 

l 

Connected to 
Voltage 
Source 

through lOQiz 
Resistor 

5 

+12V 

10, 11, 12 

Ground 

2 

-3V 

+12V 

5 

+12V 

10, 11, 12 

Ground 

3 

OV 

+12V 

5 

+12V 

10, 11, 12 

Ground 

4 

-12 V 

10 ma; 

+12V 

<. mA 

6, 11 

Ground 

5 

OV 

+18V 

10, 11, 12 

Ground 

6 

-12 V 

10 ma; 

+12V 

*. mA 

5, 11 

Ground 


DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 


FOR CA3022 




VOLTAGE OR 
CURRENT LIMITS 

CIRCUIT CONDITIONS 

TERMINAL 

NEGATIVE 

POSITIVE 

TERMINAL 

CONDITIONS 

7 

OV 

+12V 

5 

+12V 

10, 11, 12 

Ground 




5 

+12V 

8 

-fu max. mA 

10, 11, 12 

Ground 


-0.5 V 

+3V 

5 

+12V 

9 

10, 11, 12 

Ground 

10 

OV 

44V 

2,5 

+12V 

’ 11 

Ground 

11 

-6V 

+12V 

2 

Ground 

5 

+12V 

12 

OV 

44V 

2,5 

+12V 

11 

Ground 


DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 
FOR CA3023 



(S>— M — ® 

d 2 



TEST SETUP FOR MEASUREMENT OF DEVICE DISSIPATION 
AND QUIESCENT OUTPUT VOLTAGE 



Pj = v C c d) 

Fig. 2 


DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 
FOR CA3021 



DC SUPPLY VOLTS (Vccl 

92CS-I4386 

Fig. 3(a) 


DEVICE DISSIPATION VS TEMPERATURE FOR 
CA3021, CA3022, AND CA3023 



92CS-I438B 


Fig. 3(b) 


92CS -14387 


Fig. 3(c) 


92CS-I43B9 


Fig. 3(d) 






LINEAR INTEGRATED CIRCUITS 


CA3021, CA3022, CA3023 

ELECTRICAL CHARACTERISTICS, at = 25° C, = +6V, unless otherwise specified 


(Quiescent 

Output 

Voltage 


|AGC Source 
Current 


Voltage Gain 


CHARACTERISTIC 


| Device 
Dissipation 


Bandwidth at 
3 dB Point 


Input- 

Impedance 

Compo- 

nents 


Input 

(Resistancej 


Input 

Capaci- 

tance 


Output 

Resistance 


Noise Figure 


AGC Range 


Maximum 
Output Voltage 
(RMS Value) 


SYMBOU 


'AGC 


BW 


'OUT 


NF 


AGC 


v out 


TEST CONDITIONS 


TEST SETUP 
AND 
PROCEDURE 


Fig. 


FEEDBACK 
RESISTANCE 
(R/j) BETWEEN 
TERMINALS 
3 AND 7 


n 


39k 


10k 


4.7k 


FRE- 
QUENCY 
f 


MHz 


V AGC 


=+6V 


560k 


39k 


39k 


10k 


18k 


4.7k 


39k 


10k 


4.7k 


39k 


10k 


4.7k 


39k 


10k 


4.7k 


39k 


10k 


4.7k 


39k 


10k 


4.7k 


39k 


10k 


4.7k 


0.5 


0.8 


2.5 


LIMITS 


CA3021 

(TA5219) 


Min. 


0.8 


Typ. 


2.2 


0.8 


2.4 


4000 


300 


4.2 


0.6 


Max. 


CA3022 

(TA5236) 


Min. 


(Typ. 


12.5 


1.9 


0.8 


7.5 


1300 


120 


4.4 


0.7 


Max. 


CA3023 

(TA5218) 


Min. 


Typ 


1.3 


0.8 


300 


100 


6.5 


0.5 


Max. 


UNITS 


Units 


mW 


mW 


mA 


dB 


dB 


dB 


dB 


dB 


dB 


MHz 


MHz 


MHz 


PF 


PF 


PF 


dB 


dB 


dB 


dB 


dB 


dB 




V(rms)| 


v (rms) 


TYPICAL 

CHARAC- 

TERISTIC 

CURVE 


-2L 


3b, d 


3c, d 


6a, d 


6b, d 


6c, d 


6b 

6c 


TEST SETUP FOR MEASUREMENT OF ACC 
SOURCE CURRENT 


<»GC" +ev 



92CS- 14433 

»AGC ,S THE CURRENT FLOWING INTO TERMINAL 2. 


Fig. 4 


TEST SETUP FOR MEASUREMENTS OF VOLTAGE-GAIN, -3dB 
BANDWIDTH, AND MAXIMUM OUTPUT VOLTAGE 



Voltage Gain: 

(a) Set ej n = 0.5 mVat frequency specified, read e ou t Voltage Gain 
(A) = 20 Log 10 
Bandwidth: e in 

(a) Set e ou t to a convenient reference voltage at f = 100 kHz and 
record corresponding value of ejn* 

(b) Increase the frequency, keeping ej n constant until e-,,. drops 

3-dB. Record Bandwidth. out 

Fig. 5 


VOLTAGE GAIN VS FREQUENCY FOR CA3021 



VOLTAGE GAIN VS FREQUENCY FOR CA3022 


AMBIEN 

DCSUPP 

TERMIN/ 

TED 

TEMPERATURE (Ta) = 25°C 
LY V0LTS(V C c) = +6 
\LS No.10,11, ANO 12 CONNEC- 
O GROUND 

FEEDBACK RESISTANCE (Rfl) 
CONNECTED BETWEEN TERM 
INALS No 3 AND 7 


70 

r i rn t 









60 

fEEDBACK RESISTANCE! 

K/ihq. 










_ 

Ki 


l— 



_ 


s. 







CD 


??* 





' 

-S 1 


— 







ig 


— 



— 



1 






< 


5.1 K 


- 












z <0 












& 




o 

O 30 












s &” 





1.5 K 


r 55 












§ 












" \ 




O 20 













£ 



















10 
















0 










_ 







FREQUENCY ( f ) — MHz 


92CS- 14429 


VOLTAGE GAIN VS FREQUENCY FOR CA30 23 


AMBIENT TEMPERATURE (T A ) * 25'C 
OC SUPPLY VOLTS (V CC ) * +6 
TERMINALS No. 10. II, AND 12 CONNEC- 
TED TO GROUND 


FEEDBACK RESISTANCE (R0) 
CONNECTED BETWEEN TERM-) 
INALS No. 3 ANO 7 




m 

T 

- 1 1 

n 

: 






FEED 

BACK 

RES 

ISTANCE $ 0 ) /•_ 

a 






_ 









(V 





- 



— 

_ 

- 

IOK 





feb. 








4.7 K 














2 K 







- — 























IK 



J 






L 

1 





560 



i 







p 










L_ 














[l 

t 



lI 

r 

L 


1 







[_ 

r 






r 


I 



1 












| 



n 




L 





t! 

L 


6 8 , 2 4 6 8 „ 

FREQUENCY (f) — MHz 


VOLTAGE GAIN VS TEMPERATURE FOR CA3021, 
CA3022, AND CA3023 


DC SUPPLY VOLTS (V C c)* + 6 
j TERMINALS No.10,11, AND 12 CONNECTED 
TO GROUND 

| FEEDBACK RESISTANCE (R^) CONNECTED 
BETWEEN TERMINALS No. 3 AND No.7 


ICA302I 39 



-75 - 50 -25 O 25 50 75 IOO 125 150 

AMBIENT TEMPERATURE (T A )— °C 


Fig. 6(b) 


Fig. 6(c) 


Fi fl-6(d) 


92CS-I4420 
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LINEAR INTEGRATED CIRCUITS 


CA3021, CA3022, CA3023 


TEST SETUP FOR MEASUREMENT OF INPUT- 
IMPEDANCE COMPONENTS 

v cc 



Fig. 7 


TEST SETUP FOR MEASUREMENT OF OUTPUT 
RESISTANCE 

vcc 


TEST SETUP FOR MEASUREMENT OF NOISE FIGURE 


* e in / 10 mV 



Fig. 8 



TEST SETUP FOR MEASUREMENT OF AGC RANGE 



TYPE 

f 

WHz) 

L 

R 

(KQ) 

CA302I 

1 


10 

CA3022 

5 

26CVH 

4.7 

CA3023 

10 

6ZfiH 

4 7 


RFVTVM 
BOONTON 
TYPE 9IA 


AGC RANGE = 20 LOG,, 


(A = VOLTAGE GAIN) 


+ 6 V +0.7V 

A WITH S IN POSITION 1 
3 A WITH S IN POSITION 2 



f 


MHz 

CA3021 

1 

CA3022 

5 

CA3023 

10 


CA3021 - R /3 : 
CA3022- R /3 ^ 
CA3023 - R/j : 


39 kfi 
10 k ft 
4.7 k fl 


Fig. 9 


Fig. 10 
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LINEAR INTEGRATED CIRCUITS 


CA3026, CA3054 


DUAL INDEPENDENT 
DIFFERENTIAL AMPLIFIERS 

The CA3026andCA3054 each consists of two independent 
differential amplifiers with associated constant-current 
transistors on a common monolithic substrate. The six 
n-p-n transistors which comprise the amplifiers are 
general purpose devices which exhibit low 1/f noise and 
a value of fp in excess of 300 MHz. These features 
make the CA3026 and CA3054 useful from dc to 120 MHz. 
Bias and load resistors have been omitted to provide 
maximum application flexibility. 

The monolithic construction of the CA3026 and CA3054 
provides close electrical and thermal matching of the 
amplifiers. This feature makes these devices particularly 
useful in dual channel applications where matched per- 
formance of the two channels is required. 


For Low-Power Applications 
at Frequencies from DC 
to 120 MHz 

APPLICATIONS 

• Dual sense amplifiers 

• Dual Schmitt triggers 

• Multifunction combinations -- RF/Mixer/ Oscillator, 

Converter/IF 

• IF amplifiers (differential ond- or cascode) 

• Product detectors 

• Doubly balanced modulators and demodulators 

• Balanced quadrature detectors 
e Cascade limiters 

• Synchronous detectors 

• Pairs of balanced mixers 

• Synthesizer mixers 

• Balanced (push-pull) cascode amplifiers 


MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, AT T A = 25°C 


Power Dissipation, P: 
Any one trans is tor . 
Total package .... 
For T a > 55 °C . . . 
Temperature Range: 

Operating 

Storage 


CA3026 CA3054 

. . 300 .... 300 

. . . 600 .... 750 

Derate at 5 ... . 6.67 


-55 to + 125 
-65 to + 150 


mW 

mW 

mW/°C 

°C 

°C 


Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265 °C 


The following ratings apply for each transistor in the device: 


Collector«to-Emitter Voltage, V CE q 15 V 

Collector-to-Base Voltage, V CQO 20 V 

Collector-to-Substrate Voltage, V^-jq* 20 V 

Emitter-to-Base Voltage, V EBQ 5 V 

Collector Current, I c 50 mA 


* The collector of each transistor of the CA3026 and CA3054 is 
isolated from the substrate by an integral diode. The substrate must 
be connected to a voltage which is more negative than any collector 
voltage in order to maintain isolation between transistors and provide 


for normal transistor action. The substrate should be maintained at 
signal (AC) ground by means of a suitable grounding capacitor, to avoid 
undesired coupling between transistors. 


Maximum Voltage Ratings 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 1^ and horizontal terminal 3^ is +15 to -5 
volts. 

f For CA3026; corresponding terminals for CA3054 are vertical 
terminal 2 and horizontal terminal 4. 


CA3054 — ► 

TERMINAL No. 
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* 
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* 

* 

* 

* 

• 

14 

11 



* 

* 

* 

+20 

0 

* 

* 

* 

* 

* 

* 

+20 

0 

1 

12 




+20 

0 

* 

+20 

0 

* 

* 

* 

* 

* 

- 

+20 

0 

2 

1 





* 

+15 

-5 

* 

- 

* 


* 

* 

* 

3 

2 






+1 

-5 

* 

* 

* 

. 

* 

- 


4 

3 







* 

* 

* 

* 

* 

* 

* 

6 

4 








0 

-20 

* 

+5 

-5 

* 

+15 

-5 

* 

7 

5 









* 

* 

* 

* 

+20 

0 

8 

6 










+20 

0 

* 

* 

+20 

0 

9 

7 











* 

+15 

-5 

* 

11 

8 












+1 

-5 

* 

12 

9 













* 

5 

9 













Ref 

Sub- 

strate 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
. exceeded. 


Maximum 
Current Ratings 


CA3054 

TERMINAL 

No* 

CA3026 

TERMINAL 

No. 

•in 

mA 

•out 

mA 

13 

10 

5 

0.1 

14 

11 

50 

0.1 

1 

12 

50 

0.1 

2 

1 

5 

0.1 

3 

2 

5 

0.1 

4 

3 

0.1 

-50 

6 

4 

5 

0.1 

7 

5 

50 

0.1 

8 

6 

50 

0.1 

9 

7 

5 

0.1 

11 

8 

5 

0.1 

12 

9 

0.1 

50 


• Terminal No. 10 of CA3054 is not used 


Not* 1: In the CA3026 terminal No.9 is connected to the emitter 
of Qa, the reference substrate, and the case;therefore,the case 
should not be grounded. Two terminal 9 columns (CA3026) 
appear in the voltage rating chart because it is a composite 
chart for both the CA3026 and the CA3054. Wherever an asterisk 
is shown in one column 9 and a rating is shown in the other 
column 9, the asterisk should be ignored. 


FEATURES 

• Two differential amplifiers on a common substrate 

• Independently accessible inputs and outputs 
e Maximum input offset voltage — ±5 mV 

• Full military temperature range capability -- -55°C to 

+125°C 

• Limited temperature range -- 0°C to 85°C for CA3054 

• The CA3054 is available in a sea led -junction 
Beam-Lead version (CA3054L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 

• CA3026— Hermetic 12-lead TO-5 package 

• CA3054— 14-lead dual-in-line plastic package 



Fig. la - Schematic Diagram for CA3026. 



CAUTION: Substrate MUST be maintained negative with 
respect to all collector terminals of this device. See 
Maximum Voltage Ratings chart. 

TYPICAL STATIC CHARACTERISTICS 



Fig. 2 - Collector-to-base cutoff currant vs ambient temper • 


ature for each transistor. 



Fig.3 • Input bias current characteristic vs collector 
current for each transistor. 






LINEAR INTEGRATED CIRCUITS 


CA3026, CA3054 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

1 

1 

1 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

MB 
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FIG. 

! STATIC CHARACTERISTICS | 

For Each Differential Amplifier 
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0.800 
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Temperature Coefficient of Base- 
to-Emitter Voltage 

av be 
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/iV/°C 

4 

Collector-Cutoff Current 

! CB0 

v CB = 10 V, l E = 0 






2 
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v (BR)CE0 

Iq = 1 mA, lg = 0 
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15 

24 


V 


Collector-to-Base 
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v ( BR)CB0 

l c = 10/iA, l E = O 

- 

20 

60 


V 


Collector-to-Substrate 

Breakdown Voltage 

V ( BR)CI0 

l c = lO/i A, lei ■ O 

- 

20 

60 


V 


Emitter-to-Base Breakdown Voltage 

V (BR)EB0 

l E = IO/iA, Iq = O 

- 

5 

7 
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| DYNAMIC CHARACTERISTICS j 

Common-Mode Rejection Ratio 

For Each Amplifier 

CMR 

V CC -12V 

V EE = -6V 
v x = -3.3 V 
f = 1 kHz 

8a 


100 


dB 

8b 

AGC Range, One Stage 

AGC 

9a 


75 


dB 

9b 

Voltage Gain, Single Stage 
Double-Ended Output 

A 

9a 


32 


dB 

9b 

AGC Range, Two Stage 

AGC 

10a 


105 


dB 

10b 

Voltage Gain, Two Stage 
Double-Ended Output 

A 

10a 


60 


dB 

10b 

Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 
(For Single Transistor) 









Forward Current-Transfer Ratio 

h fe 

f = 1 kHz, V CE * 3 V, 

Iq * 1 mA 
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no 



11 

Short-Circuit Input Impedance 

h ie 
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3.5 


kO 

11 

Open-Circuit Output Impedance 

h M 
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/imho 

11 

Open-Circuit Reverse Voltage- 
Transfer Ratio 

"re 
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1.8xl0’ 4 



11 


DYNAMIC CHARACTERISTICS CONT'D 


L/f Noise Figure 
(For Single Transistor) 

NF 
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Gain-Bandwidth Product 
(For Single Transistor) 
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- 

550 
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12 

Admittance Characteristics; 
Differential Circuit Configuration: 
(For Each Amplifier) 
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- 
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mmho 

13c 
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13d 

Admittance Characteristics; 

Cascode Circuit Configuration: 

(For Each Amplifier) 
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• 


14a 
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* 

EBB 

14b 
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- 
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- 
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- 
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- 


14d 

Noise Figure 

NF 
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- 


8 

- 

mm 
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Fig.4 - Base-to-emitter voltage characteristic for each 
transistor vs ambient temperature . 



Fig. 5 - Offset voltage characteristic vs ambient temper- 
ature for differential pairs. 

* For CA3054: use data from 0°C to 85°C only 



Fig.6 ■ Static base-to-emitter voltage characteristic and 
input offset voltage for differential pairs vs emitter 
current. 



Fig.7 • Input offset current for matched differential 
pairs vs collector current. 
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LINEAR INTEGRATED CIRCUITS 


CA3026, CA3054 


TYPICAL DYNAMIC CHARACTERISTICS 

COMMON MODE REJECTION RATIO 



(a) Test setup 


Fig. 8 


POSITIVE DC SUPPLY VOLTS <VCC> * +12 
NEGATIVE DC SUPPLY VOLTS <V EE ) • -6 
FREQUENCY If) * I kHz 


DC BIAS VOLTS ON TERMINAL © [jj] (Vx) 9ZCS-I5233RI 

(b) Characteristic 


SINGLE-STAGE VOLTAGE GAIN 


Teamlnal Numbers In Circles are 



(a) Test setup 



92CS-I3234RI DC B|AS v0LTS 0 N TERMINAL (ft) [jj]<Vx) 

Fig. 9 (b) Characteristic 


TWO-STAGE VOLTAGE GAIN 


Terminal Numbers In Circles are 
for C A3 026 



(a) Test setup Fig. JO 



92CS-I5293RI DC BIAS VOLTS ON TERMINALS (§) GO AN0 ® HD < v * 1 

(b) Characteristic 


TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 



Fig. 11 - Forward current-transfer ratio (hf 0 ), short-circuit 
input impedance (hj 9 ), open-circuit output impedance 
(h ^ ), and open-circuit reverse voltage-transfer ratio 
(h r0 ) vs collector current for each transistor. 



Fig. 12 • Gain-bandwidth product (fj) vs collector 
current. 
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LINEAR INTEGRATED CIRCUITS 


CA3026, CA3054 


TYPICAL DYNAMIC CHARACTERISTICS FOR EACH DIFFERENTIAL AMPLIFIER 



FREQUENCY* f) -MHz 92C$- 15252 RI 



Fig.] 3(a) • Forward transfer admittance O^/jvs frequency . 


Fig.] 3(b) - Input admittance (Yjj). 



FREQUENCY (f)— MHz 92CS-I525IRI 

Fig.] 3(c) - Output admittance ( Y 22 ) vs frequency. 



Fig.l3(d) - Reverse transfer admittance (Y ] 2 ) ys frequency. 


TYPICAL DYNAMIC CHARACTERISTICS FOR EACH CASCODE AMPLIFIER 



Fig.] 4(a) - Forward transfer admittance (Y 2 ] ) y s frequency. 



Fig.] 4(b) - Input admittance (Y] 1 ) vs frequency. 




Fig.l4(c) - Output admittance (Y 22) y s frequency. Fig.14(d) * Reverse transfer admittance (Y J 2 ) vs frequency. 
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LINEAR INTEGRATED CIRCUITS 


CA3028, CA3028A, CA3053 


DIFFERENTIAL/CASCODE 

AMPLIFIERS 

For Communications and 
Industrial Equipment at 
Frequencies from DC to 120 MHz 

The CA3028A and CA3028B are differential/cascode ampli- 
fiers designed for use in communications and industrial equip- 
ment operating at frequencies from dc to 120 MHz. 

The CA3028B is like the CA3028A but is capable of premium 
performance particularly in critical dc and differential ampli- 
fier applications requiring tight controls for input offset voltage, 
input offset current, and input bias current. 

The CA3053 is similar to the CA3028A and CA3028B but is 
recommended for IF amplifier applications. 

The CA3028A, CA3028B, and CA3053 are supplied in a 
hermetic 8-lead TO-5-style package. The "F" versions are 
supplied in a frit-seal package and the "S" versions in formed- 
lead (DIL-CAN) packages. 


FEATURES 

• Controlled for Input Offset Voltage, 
Input Offset Current, and Input Bias 
Current (CA3028B) 

• Balanced Differential Amplifier 
Configuration with Controlled 
Constant-Current Source to Fh'ovide 

•The CA3028A is available in a sealed-junction 
Beam-Lead version (CA3028AL). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 


APPLICATIONS 

• RF and IF Amplifiers (Differential or Cascode) 
e DC, Audio, and Sense Amplifiers 
e Converter in the Commercial FM Band 
e Oscillator e Mixer e Limiter 

e Companion Application Note, ICAN 5337 “Application 
of the RCA CA3028 Integrated Circuit Amplifier in the 
HF and VHF Ranges.’’ This note covers characteris- 
tics of different operating modes, noise performance, 
mixer, limiter, and amplifier design considerations. 


Unexcelled Versatility 

• Single- and Dual-Ended Operation 

• Operation from DC to 120 MHz 

• Balanced-AGC Capability 

• Wide Operating-Current Range 



SUBSTRATE a CASE 


9ZCS-I44I7R2 

Fig. 7 - Schematic diagram (or CA3028A, CA3028B and 


CA30S3. 


ABSOLUTE MAXIMUM RATINGS AT T A = 25°C 
DISSIPATION: 

At T A up to 55°C 

(CA3028AF, CA3028BF, 

CA3053F) 750 mW 

At T a > 55°C 

(CA3028AF, CA3028BF, 

CA3053F) Derate linearly 6.67 mW/°C 


At T a up to 85°C 

(CA3028A, CA3028B, CA3053) 450 mW 

At T a > 85°C 

(CA3028A, CA3028B, CA3053) Derate linearly 5 mW/°C 
AMBIENT-TEMPERATURE RANGE: 

Operating — 55°C to +125°C 

Storage -65°C to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32" (1.59 ± 0.79 mm) 

from case for 10 seconds max +265°C 


MAXIMUM VOLTAGE RATINGS at T A = 25 °C 


term- 

inal 

r No * 

1 

— 

2 

— 

3 

4 

5 

6 

7 

8 

This chart gives the range 
of voltages which can be applied 
to the terminals listed horizontally 
with respect to the terminals 
listed vertically. For example, 
the voltage range of the horizontal 
terminal 4 with respect to terminal 

2 is -1 to +5 volts. 

^ Terminal #3 is connected to the sub- 
strate and case. 

* Voltages are not normally applied be- 
tween these terminals. Voltages 
appearing between these terminals 
will be safe, if the specified volt- 
age limits between all other termi- 
nals are not exceeded. 

Limit is -12V for CA3053 

® Limit is +15V for CA3053 

* Limit is +12V for CA3053 

* Limit is +24V for CA3028A and 
+ 18V for C A 3053 
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MAXIMUM 

CURRENT RATINGS 


TERM- 

INAL 

No. 

*IN 

mA 

I OUT 
mA 

1 

0.6 

0.1 

2 

4 

0.1 

3 

0.1 

23 

4 

20 

0.1 

5 

0.6 

0.1 

6 

20 

0.1 

7 

4 

0.1 

8 

20 

0.1 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST 
Cl R- 
CUIT 

SPECIAL TEST 

CONDITIONS 

LIMITS 

TYPE CA3028A 

LIMITS 

TYPE CA3028B 

LIMITS 

TYPE C A3 053 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

Fig. 


Min. |Typ.lMax. 

Min.| Typ. |Max. 

Min. |Typ. |Max. 

Fig. 

STATIC CHARACTERISTICS ! 
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V EE 












Input Offset Voltage 
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6V 
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12V 





0.98 

0.89 

5 

5 




mV 

4 

Input Offset Current 
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0.56 
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4 
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16.6 
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1.5 
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mA 
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7 

3b 

9V 
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2.0 
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3.3 
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5.0 

6b 

AGC Bias Current 
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Input Current (Terminal 
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LINEAR INTEGRATED CIRCUITS 


CA3028, CA3028A, CA3053 


ELECTRICAL CHARACTERISTICS ot T A = 25°C (cont’d) 
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ELECTRICAL CHARACTERISTICS at T A = 25°C (cont’d) 


CHARACTERISTIC 

SYMBOL 
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CIR- 
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SPECIAL TEST 

CONDITIONS 
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TYPE CA3053 
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DYNAMIC CHARACTERISTICS | 
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Fig. 3a - Input offset current, input bias current, device 
dissipation, and quiescent operating current test circuit 
for C A 3028 A and CA3028B. 


Vcc 



9ZCS-I5647 

Fig. 3b - Input bias current, device dissipation, and 
quiescent operating current test circuit for CA3053. 



Fig.4 - Input offset voltage and input offset current for 
CA3028B . 



Fig. 5a ■ Input bias current vs. ambient temperature for 

CA3028A and CA 3028B. 
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LINEAR INTEGRATED CIRCUITS 


CA3028.CA3028A, CA3053 



Fig. 5b - Input bias current vs. ambient temperature for 
CA3053. 
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92CS- 15034 

Fig.6a - Quiescent operating current vs. ambient temper- 
ature for CA3028A and CA3028B. 



92CS-I5649 

Fig. 6b - Quiescent operating current vs- ambient temper- 
ature for C A 3053. 



92CS- 15033 



Fig. 8a - AGC bias current test circuit (differential - 
amplifier configuration) for CA3028A and CA3028B. 



92CS-I4407 


Fig. 7 - Operating current vs. voltage for CA3 028 A 

and CA3028B. 


Fig. 8b - AGC bias current vs. bias volts (terminal No.7) 
for CA3028A and CA3028B. 



Fig.9 - Device dissipation vs. temperature for CA3028A 
and CA3028B. 



# FOR POWER GAIN TEST 
A FOR NOISE FIGURE TEST 


Fig. 10a - Power gain and noise figure test circuit (cascade 
configuration) for CA3Q28A, CA3028B and CA3053*. 

* 10-7 MHz Power Gain Test Only. 


CASCOOE CONFIGURATION 

AMBIENT TEMPERATURE (T A )=25*C 
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92CS-I4492 

Fig. 10b - Power gain vs. frequency (cascade configuration) 
for CA3028A and CA3028B. 



92CS-I44SS 


Fig.lOc • 100 MHz noise figure vs. collector supply 
volts (cascode configuration) for CA3028A and CA3028B . 


TYPICAL NOISE FIGURE AND POWER GAIN TEST CIRCUITS AND CHARACTERISTICS 



Fig.11 a - Power gain and noise figure test circuit (differ- 
ential-amplifier configuration and terminal No.7 connected 
to V cc ) for CA3028A, CA3028B and CA3053*. 

* 10.7 MHz Power Gain Test Only. 
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LINEAR INTEGRATED CIRCUITS 


CA3028, CA3028A, CA3053 



DIFFERENTIAL- AMPLIFIER CONFIGURATION 
AMBIENT TEMPERATURE (1 A ) 
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FOR POWER GAIN TEST 
FOR NOISE FIGURE TEST 


Fig. lib - Power gain vs. frequency (differential- 
amplifier configuration) for CA3028A and CA3028B. 


Fig, 11 c - 100 M Hz noise figure vs. collector supply 
voltage (differential-amplifier configuration) for CA3028A 
and CA3028B. 


Fig.lld - Power gain and noise figure test circuit (differ- 
ential-amplifier configuration for CA3028A and CA3028B. 
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POSITIVE DC BIAS VOLTS ON TERMINAL No.7 


92CS-144 84 


TYPICAL ADMITTANCE PARAMETERS 




92CS-I4493 


Fig.lle - 100 MHz noise figure and power gain vs. base- 
to-emitter bias ( terminal No. 7) for CA3028A and CA3028B. 


Fig. 12 - Input admittance (Y]f) vs. frequency (cascode 
configuration) for CA3028A, CA3028B and CA30S3. 


Fig. 13 - Input admittance (Y ]]) vs. frequency (differential- 
amplifier configuration) for CA3028A, CA3028B and CA3053. 


CASCODE CONFIG 
AMBIENT TEMPE 
COLLECTOR SUP 
STAGE COLLECT 

UR AT 
RATUI 
PLY V 

OR MK 

ON 

^E (T A )=25°C 

OLTS =+9 r - 

-LIAMPERES [IC(STAGF)J =4.5 







'll 20 
















uj 5 

it .0 















/ 













/ 

r 



L- 5 



L- 





5,2 _ 








v> 2 



r mm 


“ 



b l2 

' 







Is ' 5 

J-o 

a? x 



~~ 

— 








N 

S 


















> 0 -15 

* ~g? 


















2 468 10 2 468 100 

FREQUENCY (f)-MHz 

92CS- 14494 


Fig. 14 - Reverse transadmittance (Yj2) vs. frequency 
(cascode configuration) for CA3028A, CA3028B and 
CA3053. 



Fig. 15 - Reverse transadmittance (Yj2) vs. frequency 
(differential-amplifier configuration) for CA3028A, CA3028B 
and CA3053. 



92CS-I4S04 


Fig. 16 - Forward transadmittance (Y2j) vs. frequency 
(cascode configuration) for CA3028A, CA3028B and 
CA3053. 


OtfTERENTIAL-AMPLlFlER CONFIGURATION 

AMBIENT TEMPERATURE '{T A )«25*C 

COLLECTOR SUF>PLY VOLTS* +9 

COLLECTOR MILLIAMPERES, EACH TRANSiSTOR (Ic ) -2.2 

n. 30 


r 

















SI” 


r 














^21 



1? 10 


r 


















° 

SI-" 
^ |-20 

ig' 30 

. -40 


r~ 














y. 


















\\ 













A 















^ 


u 












— 




' 

1 




e io 





00 

4 


FREQUENCY (f)-MHz 

92CS-I4502 


Fig. 17 - Forward transadmittance (Y 2 ]) vs. frequency 
(differential-amplifier configuration) for CA3028A, CA3028B 
and CA3053. 



92CS— 14505 


Fig. 18 - Output admittance (Y 22 ) y s. frequency (cascode 
configuration) for CA3028A, CA3028B and CA3053. 



FREQUENCY (f > — MHz 


92CS-I4503 

Fig. 19 - Output admittance (Y 22 ) vs * frequency (differ- 
ential-amplifier configuration) for CA3028A , CA3028B 
and CA3053. 
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LINEAR INTEGRATED CIRCUITS 


CA3028, CA3028A, CA3053 

TYPICAL TEST CIRCUITS AND CHARACTERISTICS 



92CS-I4SI4 


Fig. 20a - Output power test circuit for CA3028A and 
CA3028B . 



Fig.21b - AGC characteristics for CA3028 A and CA3028B. 


v cc 



Fig. 22c - Transfer characteristic (voltage gain) test 
circuit (10.7 MHz) differential-amplifier configuration 
for CA3028A, CA3028B and CA 3053. 


5K 




Fig. 20b - Output power vs. frequency — 5 0 Q input and 
50Q output (differential-amplifier configuration) for 

CA3028A and CA3028B. 


v cc 



Fig. 22a - Transfer characteristic (voltage gain) test 
circuit (10.7 MHz) cascode configuration for CA3028A, 
CA3028B and CA3053. 



92CS-W307 

Fig.22d - Transfer characteristics (differential-amplifier 
configuration) for CA3028A, CA3028B and CA305 3. 


Fig.21a - AGC range test circuit (differential amplifier) 
for CA3028A and CA3028B. 



for CA3028A, CA3028B and CA3053. 


Vcc 



VEE 92CS-15025 


* For R = 1.6 kfi - (Vcc = 12V, Vee = -12V) 

For R = 2 kQ - (V C C = 6V, V£E - *6V) 

Fig. 23 - Differential voltage gain, maximum peak-to-peak 
output voltage, and bandwidth test circuit for CA3028B. 



For CMR test: Si to ground 

For input common -mode vottage range test: Si to Vx 


Common mode rejection ratio = 20 log lQ 
* A = Single-ended voltage gain. 


(A*) (2) (0.3) 
V DIF F< RMS >‘ 


Fig. 24 - Common-mode rejection ratio and common-mode 
input -voltage range test circuit for CA3028B. 
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LINEAR INTEGRATED CIRCUITS 


CA3033, CA3047 Types 
Operational Amplifiers 

For High-Output-Current Applications 

RCA-CA3033 is a high-performance integrated circuit oper- 
ational amplifier featuring high input impedance, high gain, 
high power output, and low input-offset voltage and current. 
The device consists of two differential amplifiers in cascade 
and a single-ended class-B power output stage on a single 
monolithic silicon chip. 

RCA-CA3033A has all the superior features and character- 
istics of the CA3033 but, in addition, can be operated at 
higher supply voltages to provide higher gain, higher com- 
mon mode rejection, greater maximum output voltage swing, 
and more than double the power output. 

RCA-CA3033 and CA3033A are hermetically sealed in 14- 
lead "dual-in-line" ceramic packages and are designed for 
operation over the full military temperature range of — 55 °C 
to +125°C. 


The RCA-CA3047 and CA3047A are supplied in 14-lead 
"dual-in-line" plastic packages and are designed to operate 
over the temperature range of 0°C to +70 °C , ambient. 


Companion Application Note , iC AN- 5641 " Application of 
RCA CA3033 and CA3033A High Performance Integrated- 
Circuit Operational Amplifiers ." 

The resistance values included on the schematic diagram 
have been supplied as a convenience to assist Equipment 
Manufacturers in optimizing the selection of "outboard" 
components of equipment designs. The values shown may 
vary as much as ±30%. 

RCA reserves the right to make any changes in the Resistance 
Values provided such changes do not adversely affect the 
published performance characteristics of the device. 

The RCA-CA3047 and CA3047A are electrically identical 
to the CA3033 and CA3033A, respectively, but are limited 
in operating and storage temperature range. 


FEATURES 


CA3033 

CA3033A 

CA3047 

CA3047A 

V+ - +12 V 

V + - IB V 

V---12 V 

V- - -15 V 



Output Currant 

36 


76 

mA min. 


Input Offset Current . 

35 


25 

nA max. 


Open Loop Differential 
Gain 

84 


87 

dB min. 


Output Voltage Swing. 

18 


23 

Vp^» min. 


Input Bias Currant . . . 

360 


180 

nA max. 


Power Output 

80 


220 

mW min. 


Common Mode Re- 
jection Ratio 

84 


93 

dB min. 

APPLICATIONS 






Comparator 


■ 

Servo Driver 



Integrator 


■ 

DC Amplifier 



Differentiator 


■ 

Multivibrator 



Audio Amplifier 


■ 

Narrow Band and Band Paaa 


Summing Amplifier 



Amplifier 



ABSOLUTE-MAXIMUM RATINGS 

CA3033 CA3033A 

CA3047 

CA3047A 

INPUT SIGNAL VOLTAGE 

DEVICE DISSIPATION: 

±10V —13 V, +10 V 

±10V 

—13V, +10 V 

Up to Ta = 25 °C 

1.2 W 1.2 W 

750 mW 

750 mW 

Above Ta = 25 °C 

TEMPERATURE RANGE: 

Derate at 8 mW/°C 

Derate at 6.67 mW/°C 

Operating 

— 55°C to +125°C 

0°C to +70°C 

Storage 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79mm) 
from case for 1 0 seconds max. 

— 65°C to+150°C 

+265°C 

-65 °C to +150°C 


MAXIMUM VOLTAGE RATINGS at T/v * 25° C CA3033, CA3047 

The following chart gives the range of voltages which can be applied to the terminals listed vertically 
with respect to the terminals listed horizontally. For example, the voltage range of the vertical ter- 
minal 1 with respect to the horizontal terminal 14 is 0 to +4 volts. 


TERM- 

INAL 

No. 

1 

2 

3 

4 

5 

6 

7 

— 

8 

9 

10 

11 

12 

13 

14 

1 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

+4 

0 

2 



Hi 

* 


* 

* 

* 

* 

* 

* 

♦ 

* 

+26 

0 

3 




* 

* 

0 

-26 

* 

♦ 

• 

♦ 

* 

♦ 

* 

+26 

0 

4 





+5 

-1 

0 

-15 

* 

* 

* 

* 

* 

* 

♦ 

+26 

0 

5 






0 

-26 

* 

+20 

-1 

Note 1 

* 

* 

* 

* 

+20 

Note 1 

* 

6 







+26 

0 

+26 

0 

+26 

0 

+26 

0 

+26 

0 

+26 

0 

+26 

0 

+26 

0 

7 








+20 

-2 

Note 1 

* 

* 

* 

* 

+ 20 
-2 

Note 1 

+26 

0 

8 









+2o 

-1 

Note 2 

+20 

-2 

Note 3 

+20 

-2 

Note 3 

+20 

-1 

Note 2 

* 

+26 

0 

9 










+ 1 
-5 

* 

+5 

-5 

+1 
-20 
Note 2 

+26 

-5 

10 












+ 10 
-10 

D 

m 

EH 

11 

■ 






■ 





B 

ii 

rwffi 

Em 

D 

■ 

■ 





■ 







n 

13 







■ 

■ 






D 

14 
















MAXIMUM 
CURRENT RATINGS 

CA3033 CA3047 

CA3033A CA3047A 


TERM- 

INAL 

No. 

UN 

mA 

* OUT 
mA 

1 

5 

5 

2 

20 

- 

3 

50 

50 

4 

10 

10 

5 

5 

5 

6 

- 

- 

7 

5 

5 

8 

1 

1 

9 

1 

0.1 

D 

a 


11 

a 

D 

12 

n 

D 

D 

a 

a 


i 

■ 


Notes: 1 . This rating applies to the more positive terminal of terminals 8 and 1 3. 

2. This rating applies to the more positive terminal of terminals 9 and 12. 

3. This rating applies to the more positive terminal of terminals 10 and 1 1 . 

•Voltages are not normally applied between these terminals. Voltages appearing between these terminals will be safe if the 
specified limits between all other terminals are not exceeded. 



Fig. 1 - Schematic diagram of operational amplifiers, 
CA3033, CA3033A, CA3047, CA3047A. 



OFFSET VOLTAGE (V J0 ) IN VOLTS AS V 0U T / l00 > THUS 
VquT 

V I0 (IN VOLTS) - -~- 

100 92CS -17328 

Fig. 2a - input offset voltage, input offset voltage sensitivity, 
and device dissipation test circuit 



Fig. 2b - Typical input offset voltage vs. ambient tem- 
perature. 
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.INEAR INTEGRATED CIRCUITS 


CA3033, CA3047 Types 

MAXIMUM VOLTAGE RATINGS at T A “ 25° C CA3033A, CA3047A 

The following chart gives the range of voltages which can be applied to the terminals listed vertically 
with respect to the terminals listed horizontally. For example, the voltage range of the vertical ter- 
minal 1 with respect to the horizontal terminal 14 is 0 to +4 volts. 


TERM- 

INAL 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

+4 

0 

2 



* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

+38 

0 

3 




* 

* 

0 

-38 

* 

* 

* 

* 

* 

* 

* 

+38 

0 

4 





+5 

-1 

0 

-22 

* 

* 

* 

♦ 

* 

* 

* 

+38 

0 

5 






0 

-38 

* 

+30 

-1 

Note 1 

* 

* 

* 

* 

+30 

-2 

Note 1 

* 

6 







+38 

0 

+38 

0 

+38 

0 

+38 

0 

+38 

0 

+38 

0 

+38 

0 

+38 

0 

7 








+30 

-2 

Note 1 

* 

* 

* 

* 

+20 

-2 

Note 1 

+38 

0 

8 









+30 

-1 

Note 2 

+30 

-2 

Note 3 

+30 

-2 

Note 3 

+30 

-i 

Note 2 

* 

+38 

0 

9 










+ 1 
-5 

* 

+5 

-5 

+ 1 
-30 
Note 2 

+38 

-5 

10 











+ 10 
-10 

♦ 

+2 
-20 
Note 3 

+38 

-10 

11 












+ 1 
, -5 

+2 

-30 
Note 3 

+38 

-10 

12 













+1 
-30 
Note 2 

+38 

-5 

13 














* 

14 














Sub- 

strate 


Notes: See CA3033. CA3047 Rating Chart Notes. 


MAXIMUM 

CURRENT 

RATINGS 

are 

identical 
for all 
four types 
(See CA3033, 
CA3047 chart) 



Fig. 3a - Input offset current and input bias current test 
circuit. 


PROCEDURES: 

A. Inverting Input Current 

Set switch, S-j in closed position and set switch, S 2 in open 
position. 

Measure output voltage and convert this reading to inverting 
input current using the following relation: 


1 1 inverting (in /iA) s 


VpUT On volts) 


10 


B. Non-inverting Input Current 

Set switch, S-] in open position and set switch, S 2 in closed 
position. 

Measure output voltage and convert this reading to non- 
inverting input current using the following relation: 

-VquT ( in vo,t$ ) 

1 1 non-inverting (in/iA) * — 

C. Input Offset Current 

Set switches, S-j and S 2 in open positions. 

Measure output voltage and convert this reading to input 
offset current using the following relation: 

VquT < in volt$ ) 
l| 0 (in mA) = — 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 


Characteristics 

Symbols 

Test Conditions 

LIMITS 

Units 

CA3033 

CA3047 

CA3033A 

CA3047A 

Cir- 

cuit 

t a = 250 C 

Typical 

Charac- 

teristics 

Curves 

DCSupp 
V+=12 V 

V - = —12 V 

y Voltage 

V + = 15 V 

V~ = -15 V 

Fig. 

Pig- 

Min. 

Typ. 

Max. 

Mm. 

. 

Typ. 

Max. 

Input Offset Voltage 

vio 

B 


2b 

- 

2.6 

5 


2.9 

5 

Q 

Input Offset Current 

iio 

B 


3b 

- 

D 

HQ 

■ 

9 

□ 

HQ 

Input Bias Current 

MM 

B 


3c 

- 

D 

jin 

■ 




Input Offset Voltage Sensitivity: 
Positive 

Negative 


1 


■ 

1 

i 


■ 

H 



A V I0 / A V - 

B 


B 

- 

0.3 

m 

B 

B 

Qjj 

|jQ 

Oevice Dissipation 

PT 

B 


- 


120 

□ 

□ 



H 1 

Open- Loop Differential 

Voltage Gain 


B 

f = 1 kHz 

B 

84 

90 

- 

87 

93 

B 

0 

Common-Mode Rejection Ratio 

CMRR 

- 



n 

D 


n 

HQ 

105 

B 

B 

Common-Mode Input-Voltage 
Range 

VlCR 

• 

f = 

1kHz 


B 

99 


HQ 

B 

6,-11 

B 

B 

Maximum Output-Voltage Swing 

Vq(P-P) 

- 

R L = 500 £2 

■ 

n 

ms 

- 


- 

- 

Vp.p 

R l * 300 £2 

- 

- 

- 


ib 

- 

Input Impedance 


- 




1.5 

- 

HQ 

B 

B 

HQ 

Output Current 

io 

- 

Rl = 500 £2 

g 

IB 

ca 

- 

- 

- 

- 

FSBI 

R|_ = 300£2 


- 

- 

- 

76 

83 

- 

Power Output 

THD <5% 

Po 

- 

R|_ = 500 £2 

7 

80 

122 

- 

- 

- 

- 

mW 

R L »300£2 

- 

- 

- 

220 

255 

- 



92C3-I7323 

Fig. 3b - Typical input offset current vs. ambient tem- 
perature. 



92CS-I7S29 


Fig. 3c - Typical input bias current vs. ambient temperature. 
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LINEAR INTEGRATED CIRCUITS 


CA3033, CA3047 Types 


ELECTRICAL CHARACTERISTICS 

Typical Values Intended Only for Design Guidance 


Input Offset Voltage Drift 
-55° C to 125“ C 

vio/ a t| 

2a 

2b 

- i 6.6 1 - 

- ! 6.6 

- 

mv/ 

oc 

Input Offset Current Drift 





! 



— 55°C to 25° C 

Iio/ A T 

3a 

3b 

1 

- ! 1 

_ 

nA/ 


. . .. -! 


OC 

25°C to 1250 C 




0.08 j - 

> j. 

0.08 

.... . i ! 

- 


60*dB Amplifier Bandwidth 

BW 

8a C x , Cy = 0.001 pF 

8b,c 

- ' 230 - 

- 1 350 

i 

- 

kHz 

Slew Rate 

SR 

9 , (amplifier circuit only) ; 

- 

- ,| 2.7 | - 

- i 3 

- 

Mips 



Fig. 4 - Typical open-loop differential voltage gain vs. 
ambient temperature. 



Fig. 5- Typical common mode rejection ratio vs. ambient 
temperature. 



92CS-I7324 

Fig. 6 - Typical peak-to-peak output current vs. load re- 
sistance. 



92CS-I7325 

Fig. 7 - Typical power output vs. load resistance. 



Fig. 8a - Typical 60-dB 
amplifier. 



Fig. 8b - Typical phase compensation characteristics for 
CA3033. CA3047 (V+ = +12 V, V~ = -12 V) 


For any desired closed loop gain (in decibels), read horizontally 
along the gain line to the attenuation curve which provides the 
desired closed loop bandwidth. The required values for the 
compensation capacitors is shown on the curve. Move.vcrtically 
from the intersection of the gain and attenuation lines until the 
phase angle curve (0) is reached and read the phase angle be- 
tween the input and output on the right-hand scale. The differ- 
ence between the indicated phase angle and 180° is the typical 
phase margin. (A minimum phase margin of 45° it, recom- 
mended to allow for component variations and differences 
among amplifiers.) If the phase margin is smaller than required, 
the desired bandwidth can be stably achieved through thei use 
of a more complex feedback network. As the closed loop gain 
approaches unity, the compensating capacitors required (0.3 pF 


to 1 .0 pF) are bulky and costly. A capacitor one-half the value 
shown on the chart, connected between terminals 8 and 13, and 
a 0.001 pF capacitor from either terminals 8 or 13 to ground 
or V~ is an acceptable alternative method. This arrangement 
provides the same gain-phase roll-off shown on the curves and 
permits the use of more readily available, lower-voltage disc 
capacitors which are smaller and cost less. For linear operation, 
the maximum expected difference voltage between the two 
collectors is less than 1 volt^ 

Figure 8a shows the phasfe compensating capacitors (C x , C y ) 
returned to ground. In some systems with large parasitic im- 
pedances in the power supply system, returning these capacitors 
to the negative ( V“ ) supply may result in more stable operation. 
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LINEAR INTEGRATED CIRCUITS 


CA3033, CA3047 Types 



Fig. 8c - Typical phase compensation characteristics for 
CA3033A, CA3047A (V+ = 15 V, V- = - 15 V). 


V + =30 V, R l =co 



TIME-IO/xs/DIV. 

(a) 


V + = 30 V, 


OUTPUT 
5 V/DIV. 


INPUT 
I V/DIV. 


TIME-10 /as/DIV. 

(b) 

92CS-I7393 




92CS-I73ZI 


(vV 



Fig. 9 - Amplifier with single voltage supply and associated pulse response waveforms and distortion curves. 


OPERATING CONSIDERATIONS 

The CA3033. CA3033A, CA3047, and CA3047A opera- 
tional amplifiers have very high peak -pulse current capa- 
bility. The open-loop output impedance is typically less 
than 30 ohms at 10 kHz and the peak short-circuit output 
current may exceed 100 milliamperes. To prevent possible 
damage to the chip because of excessive dissipation it is 
important that the output stage is not subjected to sustain- 
ed high peak currents. To minimize the possibility of dam- 


age from accidental shorts, it is recommended that a 51 -ohm 
resistor be placed in series with the output circuit. 

When high peak output currents are required of the ampli- 
fier, it is desirable to provide a current-limiting resistor of 
about 2200 ohms in series with the collector of transistor 
Ql 4 . This resistor may be returned to ground, or, if its 
value is increased to 4700 ohms-, it may be returned to the 
V + terminal. 



LINEAR INTEGRATED CIRCUITS 


CA3035, CA3035V1 


Ultra-High-Gain 
Wide-Band Amplifier Array 

Monolithic Silicon 

• Three Individual General-Purpose Amplifiers 

• Ideal for service in Remote-Control Amplifiers e.g., TV Receivers 

• Available in two electrically identical versions: CA3035 with straight 

leads; CA3035V1 with formed leads 


HIGHLIGHTS 

• Throe separate amplifiers — 

gain and bandwidth for each amplifier can be adjusted 
with suitable external circuitry 

• Amplifiers operable independently or in cascade 

• Exceptionally high cascade voltage gain — 

129 dB typ. at 40 kHz 

• Low noise performance • Wide-band response 


e All amplifiers single-ended — 

only one power supply required 

• Wide operating temperature range — 

-55°C to +125°C 

• Built-in temperature compensation 

• Hermetically sealed, all-welded 10-lead TO-5-style 

metal package with straight or formed leads 


ABSOLUTE-MAXIMUM RATINGS: 

Operating Temperature Range -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Device Dissipation 300 mW 

Input Voltage 1 V p-p 

Supply Voltage +15V 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 


ELECTRICAL CHARACTERISTICS AT T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST 
CONDITIONS 

TEST 

CIRCUITS 

AND 

CHARAC- 

TERISTICS 

CURVES 

LIMITS 

UNITS 

CA3035, CA3035VI 

Min. 

Typ. 

Max. 

| STATIC CHARACTERISTICS 

Quiescent Operating 

V3 



- 

2 

- 

V 

Vo 1 1 age 

V5 

Vcc = +9V 

Fig. 3 

- 

1.9 

- 

V 


V7 



- 

4.9 

- 

V 

Total Current Drain 

Id 

V CC = +9V, 

Fig. 3 

3.5 

5 

7.5 

mA 



R |_3 = 5KQ 






DYNAMIC CHARACTER 1 ST 1 

CS 







Voltage Gain: 








Amp I i f i e r No. 1 

A| 

f = 40 kHz, 


40 

44 

- 

dB 

Am&l i f i e r No. 2 

a 2 

Vcc = + 9V 


40 

46 

- 

dB 

Amp 1 i f i e r No. 3 

A3 



38 

42 

- 

dB 

Output Voltage Swing 

v out 








V | out 

RU = J0KQ 


- 

2 

- 

Vp-p 


V 20 ut 

RL2 = lOKfl 


- 

2.6 

- 

Vp-p 


V 30 ut 

RL3 = 5KQ 


- 

8 

- 

Vp-p 



S i nuso i da 1 








Output, 








VCC = + 9V 






Input Resistance: 








Amp 1 i f i er No. 1 

R| in 



- 

50K 

- 

a 

Amp 1 i f i e r No. 2 

R 2 i n 

f = 40 kHz 


-- 

2K 

- 

0 

Amp 1 i f i er No. 3 

R 3 i n 



- 

670 

- 

n 

Output Resistance 

R|Out 



- 

270 

- 

a 


R 20 ut 

f = 40 kHz 


- 

170 

- 

0 


R 30 ut 



- 

IO0K 

- 

n 

Bandwidth at 








-3dB point: 




i 




Amp 1 i f i e r No. 1 

BW | 


Fig. 5 

_ 1 

500 

- 

kHz 

Amp 1 i f i er No. 2 

BW 2 

VCC = + 9V 

Fig . 6 

- 

2.5 

- 

MHz 

Amp 1 i f ie r No. 3 

bw 3 


Fig .7 

- 

2.5 

- 

MHz 

Noise Figure 








Amp 1 i f i er No. 1 

NF 1 

f = 1 kHz, 

Fig. 4 

- 

6 

7 

dB 



R S = 1 Kf2 








V CC = +13 V 






Sens i t i v i ty 


Relay ( K ( ) 

Fig. 2 

- 

100 

150 

MV 



Current * 7.5 mA 







SCHEMATIC DIAGRAM FOR CA3035 AND CA3035V1 



♦13V 





NOTE: SET ALL INTERNAL POWER SUPPLIES ON QUAN TECH 
NOISE ANALYZER TO ZERO VOLTS. 

Fig. 4 
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LINEAR INTEGRATED CIRCUITS 


CA3036 

DUAL DARLINGTON ARRAY 


• Two independent low-noise wide-bond amplifier channels 

• Particularly useful for preamplifier and low-level amplifier applications in single- 
channel and stereo systems 

• Wide appl ication in low-noise industrial instrumentation amplifiers 


ELECTRICAL CHARACTERISTICS, at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST 

CONDITIONS 

LIMITS 

TYPE CA3036 

UNITS 

Min. 

Typ. 

Max. 

For Each 
Transistor 
(Ql. 02. Q3» 04) 

Collector-Cutoff Current 

■ceo 

VCB = 5V, Ie =0 

- 

- 

0.5 

mA 

Collector-Cutoff Current 

'CEO 

VCE =10 V, IB =0 

- 

- 

5 


Collector-to-Emitter Breakdown Voltage 

V(BR)CE 0 

1C -1 mA, 1 b =0 

15 

20 

- 

V 

Collector-to-Base Breakdown Voltage 

V(BR)CB 0 

IC = 10/xA, lE=0 

30 

44 

- 

V 

Eniitter-to-Base Breakdown Voltage 

V(BR)EB0 

l£ “ 10 /jA, lc =0 

5 

6 

- 

V 

For Either Input 
Transistor (Qi or Q 3 ) 

Static Forward Current-Transfer Ratio 

hFE 

Id or >C3 = 1 mA 

30 

82 

- 

- 

For Either 
Darlington Pair 
(Ql. Q 2 or Q 3 , Q 4 ) 

Emitter-to-Base Breadkown Voltage 

V(BR)EB0(D) 

lE 2 or lE4 = 10 /jA 

10 

12.6 

- 

V 

Static Forward Current-Transfer Ratio 

hFE(D) 



'Cl + IC2 1 
or >=lmA 

'C3 + *C4 ) 

1000 

4540 

- 

- 

For Each 

Input Transistor 
(Ql or Q 3 ) 

Short-Circuit Forward Current-Transfer Ratio 

hfe 

f = 1 kHz 

Id or IC3 =1 mA 


82 

- 

- 

Short-Circuit Input Impedance 

hie 

- 

2.6K 

- 

Q 

Open-Circuit Output Admittance 

hoe 

- 

7 

- 

/imho 

Open-Circuit Reverse Voltage-Transfer Ratio 

h re 

~ 

9.8 x 10-5 

- 

- 

For Either 
Darlington Pair 

(Ql. 02 or Q 3 , Q 4 ) 

Short-Circuit Forward Current-Transfer Ratio 

hfe(D) 

f = 1 kHz 

>C1 + *C2) 
or >-lmA 

<C3 + >C4) 


1300 

- 

- 

Short-Circuit Input Impedance 

hie(D) 

- 

82K 

- 

n 

Open-Circuit Output Admittance 

hoe(D) 

: 

108 

- 

/imho 

Open-Circuit Reverse Voltage-Transfer Ratio 

MD) 

- 

2.7 x 10-3 

- 

- 

Voltage Gain 

A<D) 

- 

26 

- 

dB 

Power Gain 

Gp(D) 

- 

47 

- 

dB 

Noise Voltage 

See Fig.3 for Test Circuit 

En 

f = 100 Hz 

- 

0.2 

3 

/xV(rms) 

l/f(Hz) 

f = 1 kHz 

- 

0.05 

0.3 

f = 10 kHz 

- 

0.012 

0.1 

For Either 

Input Transistor 
(Ql or Q 3 ) 

Forward T ransfer Admittance 

yfe 

f =50 MHz 

Id or <C3 =2 

- 

0.68 +j 7.9 

- 

mmho 

Input Admittance (Output Short-Circuited) 

Yie 

- 

4.14 + j 5.95 

- 

mmho 

Output Admittance (Input Short-Circuited) 

Yoe 

- 

1.94 + j 2.64 

- 

mmho 

Reverse T ransfer Admittance 
(Input Short-Circuited) 

Yre 


Negligible 

- 

mmho 

For either 
Darlington Pair 
(Ql. Q 2 or Q3, 04) 

Input Admittance (Output Short-Circuited) 

V»e(D) 

f — 50 MHz 
>C 1 + IC2| 

- 

1.71+] 2.8 

- 

mmho 

Output Admittance (Input Short-Circuited) 

yoe(D) 

- 

3.96 +j 2.6 

- 

mmho 

Gain-Bandwidth Product 

W) 

or >- 2 mA 
•C3 + W 

150 

200 

- 

MHz 



Fig.1 — Schematic Diagram for CA3036. 


HIGHLIGHTS 

• Matched transistors with emitter-follower outputs 

• Low-noise performance 
•200-MHz gain-bandwidth product 

• Operation from -55°C to +125°C 

• Hermetically sealed, all-welded 10-leod T0-5-style 
metal package 


APPLICATIONS 

• Stereo phonograph preamplifiers 

• Low-level stereo and single channel 

amplifier stages ^ 

• Low-noise, emitter-follower differential amplifiers 

• Operational amplifier drivers 


MAXIMUM RATINGS, Absolute-Maximum Values: 


POWER DISSIPATION, P: 

Any one transistor 300 max. 

Total for array 600 max. 

TEMPERATURE RANGE: 

Operating —55 to +125 

Storage —65 to +150 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) 

from case for 10 seconds max +265 °C 

The following ratings apply for each transistor in the array: 

Collector-to-Emitter Voltage, VcEO .... 15 max. V 

Collector-to-Base Voltage, VcBO 30 max. V 

Emitter-to-Base Voltage, V^bo 5 max. V 

Collector Current, lc 50 max. mA 



F/g.2 - Block Diagram of Stereo System using CA3036 
as Phono Preamplifier. 


excs-Msze 

Fig. 3 - Noise Voltage Tost Circuit for CA 3036. 
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LINEAR INTEGRATED CIRCUITS 


CA3039 


Diode Array 

Six Matched Diodes on a Common Substrate 


ULTRA-FAST 
LOW-CAPACITANCE 
MATCHED DIODES 


For Applications in 
Conmnnications and 
Switching Systems 


APPLICATIONS 

• Balanced modulators or demodulators 

• Ring modulators 

• High speed diode gates 
e Analog switches 


The RCA-CA3039 consists of six ultra-fast, low capac- 
itance diodes on a common monolithic substrate. Inte- 
grated circuit construction assures excellent static and 
dynamic matching of the diodes, making the array ex- 
tremely useful for a wide variety of applications in 
communication and switching systems. 

Five of the diodes are independently accessible, the 
sixth shares a common terminal with the substrate. 

For applications such as balanced modulators or ring 
modulators where capacitive balance is important, the 
substrate should be returned to a DC potential which is 
significantly more negative (with respect to the active 
diodes) than the peak signal applied. 


FEATURES 

• Excellent ravers* r*cov*ry tim* - 1 ns typ. 

• Matched monolithic construction - 

Vp matched within 5 mV 

• Low diode capacitance - 

Cq * 0.65 pF typical at Vr = - 2 V 

• The CA3039 is available in a sealed-junction 
Beam-Lead version (CA3039L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 

• Supplied in the hermetic 12-lead TO-5 style 
package 









Fig. I • Schematic Did gram for CA3039 


ABSOLUTE MAXIMUM RATINGS AT T A - 25°C 
DISSIPATION: 

Any one diode unit 100 mW 

Total for device 600 mW 

For T A >55°C derate linearly 5.7 mW/°C 

TEMPERATURE RANGE. 

Operating -55to+125°C 

Storage -65 to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) 

from case for 10 seconds max . + 265°C 

PEAK INVERSE VOLTAGE, PI V for: Dj-D 5 . . 5 V 

D 6 . . . 0.5 V 

PEAK DIODE-TO-SUBSTRATE VOLTAGE, V D | 
for Dj—Dg (term. 1,4 ,5 ,8 or 12 to term. 10) . . +20, —IV 

DC FORWARD CURRENT, Ip 25 

PEAK RECURRENT FORWARD CURRENT, If . 100 

PEAK FORWARD SURGE CURRENT, | f (surge) . 100 


ELECTRICAL CHARACTERISTICS, at T A = 25° C 
Characteristics apply far each diode unit, unless otherwise specified. 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

LIMITS 

UNITS 

CHARAC- 

TERISTIC 

CURVES 

MIN. 

TYP. 

MAX. 

FIG. 

DC Forward Voltage Drop 

v F 

Ip = 50 /xA 

- 

0.65 

0.69 

V 

2 

1 mA 


0.73 

0.78 

V 

3 mA 

- 

0.76 

0.80 

V 

10 mA 

- 

0.81 

0.90 

V 

DC Reverse Breakdown Voltage 

V (BR)R 

Ir--10/zA 

5 

7 


V 

- 

DC Reverse Breakdown Voltage 

Between any Diode Unit and Substrate 

V (BR)R 

Ir — 10/xA 

20 

- 

- 

V 

- 

DC Reverse (Leakage) Current 

•r 

Vfr-4V 

- 

0.016 

100 

nA 

3 

DC Reverse (Leakage) Current 

Between any Diode Unit and Substrate 

|R 

Vr = -10 V 

- 

0.022 

100 

nA 

4 

Magnitude of Diode Offset Voltage 
(Difference in DC Forward Voltage 

Drops of any Two Diode Units) 

|V F 1-Vp 2 | 

Ip = 1mA 

- 

0.5 

5 

mV 

2 

Temperature Coefficient of |Vpj - Vp^| 

tfrrW 

l F = 1mA 


1 

- 

mV/°c 

5 

AT 

Temperature Coefficient of Forward Drop 

A V F 

AT 

Ip = 1 mA 

- 

-1.9 

- 

mV/°C 

6 

DC Forward Voltage Drop for 
Anode-to-Substrate Diode (0$) 

V F 

Ip = 1mA 

- 

0.65 

- 

V 


Reverse Recovery Time 

*rr 

lp = 10 mA, Ir = 10 mA 

- 

1 

- 

ns 

- 

Diode Resistance 

r D 

f = 1 kHz, l F = 1 mA 

25 

30 

45 

ft 

7 

Diode Capacitance 

C D 

Vr = -2 V, Ip = 0 

- 

0.65 

- 

PF 

8 

Diode-to-$ubstrate Capacitance 

C DI 

V D) = +4 V, Ip = 0 

- 

3.2 

- 

p F 

9 


TYPICAL CHARACTERISTICS 



Fig. 2 - DC forward voltage drop (any diode) and diode 
offset voltage vs DC forward current 



Fig . 3 - DC reverse (leakage) current (diodes 1,2, 3,4,5) 


vs temperature 
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DIODE RESISTANCE <R 0 )— OHMS 


LINEAR INTEGRATED CIRCUITS 


CA3039 


DC REVERSE VOLTAGE (Vr)-HOV 


DC FORWARD CURRENT (IfrV»lmA | 






LINEAR INTEGRATED CIRCUITS 


CA3040 

VIDEO and WIDE BAND 
AMPLIFIER 

For Industrial and 
Commercial Equipment at 
Frequencies up to 200 MHz 


FEATURES 

• High Differential Push-Pull Voltage Gain 37 dB typ. 

Single-Ended Voltage Gain 31 dB typ. 

• Wide (3dB) Bandwidth 55 MHz typ. 

• Balanced input and Output 

• High Input Resistance 150 kf) typ. 

• Low Output Resistance....... 125 Cl typ. 

• Bias Options for Temperature Compensation: 

Bias Mode A: “Constant" Voltage 
Bias Mode B: “Constant" Gain 


• Supplied in the hermetic 12-lead TO-5 style 
package 


The RCA CA3040 is a monolithic silicon integrated 
circuit designed to meet the requirements of a wide 
variety of applications requiring high gain ami wide band- 
width. The cascode-connected differential amplifier 
achieves a double-ended gain of37dB with a typical 3 dB 
bandwidth of 56 MHz. Emitter-Follower input and output 
stages provide the desirable high input impedance and 
low output impedance for coupling to other circuits. 

The CA3040 includes two biasing options, allowing the 
user to optimize his design over the entire military 
temperature range of -55 to +125°C. Bias Mode A yields 
a substantially constant voltage at the output terminals 
for applications using DC coupling to succeeding stages 
or requiring maximum dynamic range over the temperature 
range. DC output voltage varies less than 0. 1 volt (typi- 
cally) over the entire temperature range while gain varies 
±2 dB. Bios Mod* B provides extremely stable gain 
over the temperature range. Gain variation is 0 dB (typi- 
cally) in this Bias Mode. DC variation is ±0.8 volt. 

Provisions are also made for stabilizing the operating 
point for either single or split power supplies. 


APPLICATIONS 

• Video Amplifier • Modulator • Mixer 

• Schmitt Trigger • IF Amplifier • DC Amplifier 

• Sense Amplifier 


ABSOLUTE-MAXIMUM RATINGS 

DISSIPATION * 450 mW 

Derating factor for Ta > 85°C 5 mW/°C 

TEMPERATURE RANGE: 

Operating 55°C to +125°C 

Storage -65°C to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79mm) 

from case for 10 seconds max +265°C 


* Limitation imposed by the thermal resistance of package. 



ALL RESISTANCE VALUES IN Kft'S. 

92LS-2S32 

Fig. 1 - Schematic Diagram for CA3040 


MAXIMUM VOLTAGE RATINGS at Ta = 25°C 

The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the MAXIMUM 

voltage range of the vertical terminal 2 with respect to terminal 11 is 0 to +14 volts. CURRENT RATINGS 


TERM- 

INAL 

No. 

1 

2 

3 

4 

5 a 

6 

7 

8 

9 

10 

n A 

12 

1 


0 

-14 

* 

* 

+ 14 

0 

* 

+ 10 
-10 

* 

* 

* 

+ 14 

0 

4 

2 



* 

+ 14 

0 

+ 14 

0 

+ 14 

0 

* 

* 

* 

+ 14 

0 

+ 14 

0 

+ 14 

0 

3 




* 

+5 

-3 

* 

* 

* 

* 

4 


4 

4 





• 

+3 

-3 

4 

* 

* 

* 

4 

4 

5 a 





A 

* 

+10 

-3 

* 

+3 

-7 

* 

0 

Note 

1 

* 

6 


1 

1 





* 

* 

* 

4 

4 

* 

7 








* 

* 

4 

+ 10 
-3 

4 

8 









1 + 

4 

4 

4 

9 










4 

+7 

-3 

4 

10 











4 

4 

11 A 











A 

4 

12 














TERM- 

INAL 

No.' 

l|N 

mA 

lOUT 

mA 

1 

5 

5 

2 

- 

- 

3 

5 

5 

4 

1 

0.1 

5 

- 

- 

6 

1 

0.1 

7 

5 

5 

8 

5 

5 

9 

1 

0.1 

10 

- 

10 

11 

- 

- 

12 

- 

10 


A Reference Substrate * Voltages are not normally applied between these terminals. 

Voltages appearing between these terminals will be safe if 
Note 1: External connection required for proper operation. the specified limits between all other terminals are not 

exceeded. 


STATIC CHARACTERISTICS TEST CIRCUITS 
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LINEAR INTEGRATED CIRCUITS 


CA3040 

ELECTRICAL CHARACTERISTICS AT Ta = 25 # C Uni... Oth.rwi*. Sp*cifi*d 


Characteristics 

Symbols 

1 

Test 

Circuits 

Special Tsst Conditions 

Limits 

Units 

Fig. 


Min. | Typ. | Max. 


| STATIC CHARACTERISTICS V C C = +6V, V* 

EE = -6V 

Output Voltage 

v io V 12 

2(a) 

2(b) 

Bias Mode Switch 

A or B: Closed 

1.4 

2.7 

3.7 

V 

Base Bias Voltage 

v 9 

2(a) 

Bias Mode A 

Switch Closed 

- 

-1.7 

- 

V 

2(b) 

Bias Mode B 

Switch Closed 

- 

-1.7 

- 

V 

Input Bias Reference Voltage 

Vi 

2(a) 

2(b) 

Bias Mode Switch 

A or B: Open 

-1 

- 

+ 1 

V 

Input Bias Current 

I 4 .I 6 

2(a) 

2(b) 

Bias Mode Switch 

A or B: Closed 

- 

15 

45 

MA 

Input Unbalance Current 

1 I 6 -U 1 

2(a) 

2(b) 

Bias Mode Switch 

A or B: Closed 

- 


6 

mA 

Power Supply Current Drain 

12 or 

15 *Hl 

2(a) 

Mode A 

Switch open or closed 

4.7 

8.5 

15.5 

mA 

12 or 

I5+I8 +IH 

2(b) 

Mode B 

Switch open or closed 

| DYNAMIC CHARACTERISTICS VCC = + 12V, VeE = 0, Split Voltage Supply (Optional) = +6V : 

Differential Voltage Gain 








Single-Ended Input 

Differential Output 

A DIFF[DE) 

3(a) 

f = 1 MHz 

R s = 50 0 

34 

37 

- 

dB 

Single-Ended Input 
and Output 

a DIFF(SE) 

3(a) 

f = 1 MHz 

R s = 50 n 

28 

31 

- 

dB 

-3dB Bandwidth 

BW 

3(a) 

R s = 50 n 

40 

55 

- 

MHz 

Differential Voltage Gain Balance 

ADIFF(SE)10 

“A D |FF(SE)12 

3(a) 

f = 1 MHz 

-1 

0 

+ 1 

dB 

Output Voltage Swing 

V' v io 

RMS 

3(a) 

f = 1 MHz 

R s = 50 0 

- 

0.5 

- 

VRMS 

Noise Figure 

NF 

3(a) 

(Note 1 ) f = 30 MHz 

R s = 400 0 

- 

7.5 

9 

dB 

Parallel Input Resistance 

Ri 

3(a) 


- 

150 

- 

k rt 

Parallel Input Capacitance 

c, 

3(a) 

f = 1 MHz 

. 

2.2 

- 

PF 

Output Resistance 

Ro 

3(a) 


- 

125 

- 

n 

TEMPERATURE DEPENDENT CHARACTERISTICS 

Temperature coefficients for ambient temperature: -55 °Cj<Ta < + 125°C 

Output Voltage 

Avio or'Avi 2 

3(a) 

Bias Mode A 

- 

0 

- 

mV/°C 

°c 

3(b) 

Bias Mode B 

- 

6.4 

- 

mV/°C 

Power Supply Current Drain 

Al2/°C 

3(a) 

Bias Mode A 

- 

5 

- 

mA/°C 

Differential Voltage Gain 

a DIFF /0c 

3(a) 

Bias Mode A 

- 

0.0166 

- 

dB/°C 

3(b) 

Bias Mode B 

- 

0 

- 


Not* 1: Replace 1-k£2 resistors between Term. 1 and 4 and Term. 1 and 6 with suitable chokes so that reactance at 
30 MHz exceeds 5k& 


DYNAMIC CHARACTERISTICS TEST CIRCUITS 



* VARIABLE CAPACITANCE (0.5 -I.O^F ) ADJUSTMENT FOR 
EQUAL 3dB BANDWIDTH AT AMPLIFIER OUTPUTS. 
TERMINALS 10 AND 12. 

ALL RESISTORS IN OHMS 

ALL CAPACITORS IN MICROFARADS (UNLESS OTHERWISE 
INDICATED). 

BIAS MODE A IS AS DEFINED IN FIG. 2(o) 

Fig. 3(a) - Bias Mot/e A 



* SEE FIG 3(a) 

BIAS MODE B IS AS DEFINED IN FIG 2(b) 

ALL RESISTORS IN OHMS. 

ALL CAPACITORS IN MICROFARADS (UNLESS OTHERWISE 
INDICATED). 

Fig.3(b) • Bias Mod* B 
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LINEAR INTEGRATED CIRCUITS 


CA3040 

OPERATING CONSIDERATIONS 

G*n«rcti 

The CA3040 is designed to provide flexibility in 
the selection of power supply configurations and to 
provide the circuit designer the choice between two inodes 
of temperature -compensated performance. Mode A, 
which provides constant DC output voltage, is recom- 
mended for most applications. The control of the opera- 
ting point provided by this mode maintains the dynamic 
range of the device while gain variation over most of 
the range is less than ±1 dB. Mode B provides constant 
gain for applications where this consideration is critical, 
but will exhibit a reduction of dynamic range at the 
temperature extremes. 

Power Supply Considerations 

Figures 2 and 3 illustrate the use of the CA3040 
with balanced dual supplies and single power supplies, 
respectively. Both figures demonstrate that the inputs 
may be directly referenced to the center point of the 
supply (ground in Fig.2) by closing the included switch. 
This is the natural connection in Fig.2. This connection 
is optional, however, and need not be made. Use of this 
connection in Fig. 3 implies the presence of another 
DC supply or a “stiff’ bleeder. If such a source is 
present its use is suggested in order to maintain maxi- 
mum common mode range. Dynamic performance and 
dynamic range of the output circuit are unaffected by the 
choice of biasing scheme used so that in most cases 
direct connection of Terminal No.l to the center point 
of the supply is not required. Where direct connection 
is not used. Terminals No.4 and No.6 must be biased 
from Terminal No. I for proper operation. 

High-Frequency Considerations 

Stable high-frequency operation requires that proper 
high-frequency construction techniques be followed. 
The photograph of Fig. 6 illustrates the precautions 
taken in the construction of the test circuit of Fig.3. 

Extreme caution is required because of the extended 
gain bandwidth capability of the device. Oscillations 
have been observed in the 400-to-800 MHz range when 
precautions were not taken. In addition to normal con- 
siderations of shielding, parts layout, tuid isolation, 
the following specific suggestions are made: 

1. Use sockets only when necessary. Sockets, when 
used, must provide shielding within the pin circle. 
The socket shown in the chassis of Fig.6 is a 
Barnes MG-1201, or equivalent, modified by drilling 
a 1/8* hole in the center and inserting a grounded 
brass pin. 

2. Do not bypass Terminal No.9 in normal operation. 
Fig.3 shows the* use of neutralization between 
Terminal No.9 and one output to balance the amplifier 
at high frequencies. Experience shows that stable 
operation, while possible, is difficult to achieve 
if Terminal No.9 is bypassed to ground. 

3. In DC testing, 1 k D, 1/4 W carbon resistors should 
be soldered directly to the socket Terminals No.4 
and No.6 to suppress parasitic oscillations. All 
current carrying connections are made at the other 
end of the resistors. Direct sensing of Terminal 
No.4 or No.6 voltage should not be attempted. 



Fig. 7 -3dB Bandwidth vs Single-Ended Output Voltage 



Fig.9 - Output Volts or Input Bias Reference Volts 
vs A mbient Temperature 



Fig.11 - Collmctor Supply Current Drain (I 2 ) 
v$ Ambient Temperature 
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Fig. 8 - Noise Figure (HF) vs Source Impedance 
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Fig. 10 - Collector Supply Current Drain 02) 
vs Collector Supply Voltage ( VCC ) 
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Fig. 12 - Single-Ended Differential Voltage Gain 
vs Ambient Temperature 
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LINEAR INTEGRATED CIRCUITS 


CA3041 

WIDEBAND AMPLIFIER, FM DETECTOR 
AF. PREAMPLIFIER/DRIVER 

For Sound Sections of TV Receivers Using 
Tube-Type AF Output Amplifiers 


FEATURES 


• high-sensitivity — input limiting voltage (knee) = 

150 /iV typ. at 4.5 MHz 

• large audio drive voltage capability 

• excellent AM rejection — 58 dB typ. at 4.5 MHz 

• inherent high stability - internally shielded 


• internal Zener-diode-regulated voltage supply 

• low harmonic radiation 

• wide frequency capability — <100 kHz to > 20 MHz 

• low harmonic distortion 


RCA Integrated Circuit Type CA3041 provides, in a single monolithic silicon chip, a 
major subsystem for the sound sections of TV receivers. As shown in the Schematic Diagram 
(Fig.l) and the TV Receiver Block Diagrams (Fig. 1 2)1 theCA3041 contains a multistage wide- 
band if-amplifier/limiter section, an FM-detector stage, a Zener-diode-regulatedpower-supply 
section, and an af-amplifier section specifically designed to drive directly a 6AQ5 beam 
power tube or other audio output tube of similar characteristics. 

In FM receivers, the CA3041 can be used to provide if amplification and limiting, FM 
detection, and af preamplification. 

The CA3041 provides exceptional versatility of circuit design because the if-amplifier/ 
limiter section, FM detector section, and af-preamplifier/driver section can be used in- 
dependently of each other. 

The CA3041 utilizes a 14-lead dual-in-line plastic package with leads specially formed 
to facilitate automatic insertion of the device in suitably punched printed-circuit boards. 

MAXIMUM RATI NGS, Absolute Maximum Values: 


OPERATING-TEMPERATURE RANGE -40° to +85° C 

STORAGE-TEMPERATURE RANGE -65°to+150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 10 seconds max +265° C 

MAXIMUM INPUT-SIGNAL VOLTAGE: 

Between Terminals 1 and 3 ±3 V 

MAXIMUM DEVICE DISSIPATION: 

At Ambient ?up to +25° C 950 mW 

Temperatures] above +25° C Derate at 10.8 mW/°C 



ABSOLUTE-MAXIMUM VOLTAGE AMD CURRENT LIMITS AT T x =25°C 

Indicated voltage or current limits for each terminal may be applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 4). 




92CS-I4M0 


Fiq.2 - Typical dissipation characteristic 
for CA304J. 



Fig.3 - Test setup for measurement af 
input-impedance components. 
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LINEAR INTEGRATED CIRCUITS 


CA3041 


ELECTRICAL CHARACTERISTICS, at an Ambient Temperature , T A , of 25°C, and a DC Supply 
Voltage, V CC> of + 140 Volts applied to Terminal 14 through a resistance of 6.2 Jfef), unless other- 
wise indicated. Any other combination of DC Supply Voltage and Series Resistance which will 
not cause the Maximum Dissipation Limit or any of the Maximum Voltage or Current Limits for 
the CA3041 to be exceeded may be used . 


CHARACTERISTICS 
(See Page 7 for Definitions of T erms) 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

Units 

■l=l 

SETUP 

AND 

PROCEDURE 

SPECIAL CONDITIONS 

TYPE 

CA3041 

Fig. 

EB 

on 

E3 


Total Device Dissipation 

p T 

11 


o°c 

jgl 

E3 

E3 


2 

Ta-"3?>C 

225 

250 

275 

mW 

+85°C 

230 

255 

280 

mW 

Zener Regulating Voltage (DC Sup- 
ply Voltage at Terminal 14) 

V14 

- 


10.5 

11.2 

)12.3 

V 

- 

Quiescent Operating Current 
(into Terminal 11) 

'a 

11 


0.25 

0.63 

1 

mA 

- 

9-Volt Current Drain (Quiescent Op- 
erating Current into Terminal 14) 

114 

11 

Vcc = + 9 V applied directly 
to Terminal 14 

7 

11 

16 

mA 

- 

Input-Impedance Components: 

Parallel Input Resistance 

Rj 

3 




_ 

11 

- 

kO 


Parallel Input Capacitance 

Ci 

3 


- 

5 

- 

pF 

- 

Output-Impedance Components: 
Parallel Output Resistance 

R 0 

_ 


_ 

100 

_ 

kO 


Parallel Output Capacitance 

Co 

- 


- 

4 

- 

pF 

- 

Input Limiting Voltage (Knee) 

v Klim) 

7 


- 

150 

200 

mV 

(rms) 

4 

Amplitude-Modulation Rejection 

AMR 

10 


45 

58 

- 

dB 

9 

IF-Amplifier Voltage Gain 

Nif) 

5 



- 

67 

- 

dB 

4 

Recovered AF Voltage: 

1. At FM-Detector Output 

V 0 (af) 



vmz 

R|_ 31 50 kfi, Af * ±25 kHz 
THD = 0.7% (typ.) 

_ 

250 

_ 

mV 

(rms) 

_ 

2. At AF-Driver Output 
in Test Setup 


- 

THD < 5% 

8 

9 

- 

V 

(rms) 

- 

Total Harmonic Distortion 

THD 

7 

v o(af) * 8 v (rms) 


1.5 

5 

% 

- 

Discriminator Output Resistance 

R o(dis) 

- ' i 

f 



- 

10 

- 

kO 

- 

AF-Amplifier Input Resistance 

R Kaf) 

- 


- 

100 

- 

k n 

- 

AF-Amplifier Output Resistance 

Ro(aO 

- 

1 kHz 

1 


- 

30 

- 

k n 

- 

AF-Driver Voltage Gain 

A af 

6 


- 

41 

- 

dB 

8 


4.5-MHZ 

CHSOWANATOR _ 
TRANSFORMER * 



BOON TON 
TYPE 202H 
AM-FM 

, GENERATOR 
OR EQUIVALENT 


YJ 

' 

1 

JJN 

5) 

X 

^n| 

6) 

p 

“0.I5*F 

CkQ 




O.ISuF | 

► 6 Ok a 

> VOI liUF 


BALLANTINE 

_ 

TYPE 3000 
VOLTMETER 

OR EQUIVALENT 


DISTORTION 

ANALYZER 

(HWitn- 

AMPC/O - 

OUT 


TYPE^330 

r i 

EQUIVALENT) 


PROCEDURES: 

R«eov«r«d AF Voltago: 

1. Set Input Signal Generator as follows: 

Output frequency “4.5 MHz 
Modulating frequency * 1 kHz 
Deviation * ± 25 kHz 
Output level for Vj n ■ 100 mV rms 

2. Set volume control for maximum 
af output. 

3. Measure af output voltage and record 
as Recovered AF Voltage. 

Total Harmonic Distortion: 

1. Adjust volume control for an af output 
voltage of 300 mV rms. 

2. Measure Total Harmonic Distortion of 
the output signal in accordance, with 
the- Operating Instructions for the Dis- 
tortion Analyzer. 

Input Limiting Voltage (Knee): 

1. Decrease Vj n until the af output voltage 
is 3 dB less than the value set in Step 1 
of the procedure for measurement of 
Total Harmonic Distortion 

<300 mV - 3 dB -210 mV) 

2. Measure resulting value of Vj n and re- 
cord as Input Limiting Voltage (Knee). 


* TRW Electronics, Des Plaines, Illinois. Part No. E023874, or equivalent. 

Fig.7 - Test setup for measurement of input limiting vo/tog# (Knee), 
recovered AF voltage, and total harmonic distortion. 



Fig.4 - Typical IF -amplifier voltage gain and 
input-limiting voltage (knee) characteristics . 


6.2 kfl 



PROCEDURE: 

A - Voltage Gain: 

1) Set input frequency at desired value, Vj * 100 p.V rms. 

2) Record v Q . 

3) Calculate Voltage Gain A from A ■ 20 logjQ v Q /vj 

4) Repeat Steps 1, 2, and 3 for each frequency and/or 
for temperature desired. 

Fig. 5 - v Tm* setup for measurement o f IF -amplifier 
voltage gain. 




Fig.8 - \Typical AF -driver voltage-gain characteristic 
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LINEAR INTEGRATED CIRCUITS 


CA3041 



INPUT SIGNAL LEVEL— mV 


92CS-I4 889 



PROCEDURES: 

1. Set PM Signal Generator as follows: 

Output frequency ■ 4.5 MHz 
Modulating frequency * 1000 Hz 
Deviation K ± 25 kHz 
Output level for Vjn * 100 mV nns 

2. Set AM Signal Generator as follows: 

Output frequency * 4.5 MHz 
Modulating frequency * 1000 Hz 
Per cent modulation ■ 30 
Output level for Vj n * 10 mV rms 

3. With Si in Position A measure AF Out- 
put Voltage and record as V 0 <fm>. 

4. With Si in Position B measure AF Out- 
put Voltage and record as Vq<am)* 

5. Determine AM Rejection from 
AMR - V o(fm) /V o(AM) 


Fig.9 . Typical A M rejection characteristics * TRW Electronics, Des Plaines, Illinois. Part No. E023874, or equivalent, 

for CA3041. 

Fig. 10 - Test setup for measurement of AM rejection. 



92CS-MMI 


PROCEDURES: 

Total Device Dissipation: 

1. Close Sj, open S2. 

2. Measure and record V14 and It* 

3. Determine Total Device Dissipation from Pt* V 14IT. 
Quiescent Operating Current into Terminal II: 

1. Close Si, open S2. 

2. Measure ljn and record as Quiescent Operating Cur- 
rent into Terminal 11. 

9-Volt Current Drain: 

1. Open Si, close S2* 

2. Measure 1 14 and record as 9-Volt Current Drain. 


Fig. 11 '■-Test setup for total dissipation, quiescent operating current 
into terminal No.ll, and 9-volt current drain. 
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* TRW Electronics, Des Plaines, Illinois. Part No. E023874, or equivalent. 
Fig. 12 - Block diagram of typical TV receiver using CA 3041. 








LINEAR INTEGRATED CIRCUITS 


CA3042 


WIDE-BAND AMPLIFIER, FM DETECTOR 
AF PREAMPLIFIER/DRIVER 


For Sound Sections of TV Receivers Using Transistor* 
Type AF Output Amplifiers 


FEATURES 


• high sensitivity — input limiting voltage (knee) - 

150 /xV typ. at 4.5 MHz 

• 6-mA audio drive capability 

• excellent AM rejection - 58 dB typ. at 4.5 MHz 

• inherent high stability - internally shielded 


• internally Zener-diode-regulated voltage supply 

• low harmonic radiation 

• wide frequency capability - <100 kHz to >20 MHz 

• low harmonic distortion 


RCA Integrated Circuit Type CA3042 provides, in a single monolithic silicon chip, a 
major sub-system for the sound sections of TV receivers. As shown in the Schematic Dia- 
gram (Fig.l) and the TV Receiver Block Diagrams (Figs.2A and 2B) the CA3042 contains a 
multistage wide-band if-amplifier section, an FM-detector stage, a Zener-diode-regulated 
power-supply section, and an af-amplifier section specifically designed to drive directly an 
n-p-n audio output transistor or a high-gain audio output pentode tube. 

In FM receivers, the CA3042 can be used to provide if amplification and limiting, FM 
detection, and af preamplification. 

The CA3042 provides exceptional versatility of circuit design because the if-amplifier/ 
limiter section, FM detector section, and af-preamplifier/driver section can be used inde- 
pendently of each other. 

The CA3042 utilizes a 14-lead dual-in-line plastic package with leads specially formed 
to facilitate automatic insertion of the device in suitably punched printed-circuit boards. 




MAXIMUM RATINGS, Absolute-Maximum Values: 


OPERATING-TEMPERATURE RANGE -40° to +85° C 

STORAGE TEMPERATURE RANGE -65° to+150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 10 seconds max. +265° C 

MAXIMUM INPUT-SIGNAL VOLTAGE: 

Between Terminals 1 and 3 ±3 V 

MAXIMUM DEVICE DISSIPATION: 

At Ambient ?upto+25°C 950 mW 

Temperatures] above +25°C Derate at 10.8 mW/°C 



Fig. 2(b) - Block diagram of typical TV receiver utilizing 
the CA3042 and a 12FX5, 6EH 5, or equivalent. 



2. Measure and record V 14 and I 14 . 

3. Determine Total Device Dissipation from = V 14 I 14 
Quiescent Operating Current into Terminal 11s 

1. Turn switch S to position B 

2. Measure Iji and record as Quiescent Operating Cur- 
rent into Terminal 11. 

9*Volt Current Drain: 

1. Set switch S in position B 

2. Measure 1 14 and record as 9-Volt Current Drain. 

Fig. 3 * Test setup for measurement of total device dissi - 
potion, quiescent currant into terminal No. 11, and 
9-volt current drain. 
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LINEAR INTEGRATED CIRCUITS 


CA3042 


ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS AT T A =25°C 

Indicated voltage or current limits for each terminal may be applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 4). 



may be used. 


DISCRIMINATOR 



PROCEDURES: 

1. Set FM Signal Generator as follows: 

Output Frequency = 4.5 MHz 
Modulating frequency = 1000 Hz 
Deviation = ±25 kHz 
Output level for Vj n = 100 mV rms 

2. Set AM Signal Generator as follows: 

Output frequency =4.5 MHz 
Modulating frequency = 1000 Hz 
Per cent modulation = 30 
Output level for Vj n = 10 mV rms 

3. With Si in Position A measure AF Output 
Voltage and record as V 0 (FM). 

4. With St in Position B measure AF Output 
Voltage and record as V 0 (AM)« 

v o(FM) 

5. Determine AM Rejection from AMR 

V 0 (AM) 


* TRW Electronics, Des Plaines, Illinois. 
Part No. E023874, or equivalent. 


Fig. 7 - Test setup for measurement of AM rejection. 



92CS-I4 808 

Fig.4 - Typical dissipation characteristic. 


6.2 KA 



Fig . 5 - Test setup for measurement of input-impedance 
components. 



PROCEDURE Voltage Gain: 

1. Set input frequency at desired value, vj = 100 pV rms. 

2. Record v Q . 

3. Calculate Voltage Gain A from A = 20 logiQ v o /v i- 

4. Repeat Steps 1, 2, and 3 for each frequency and/or for 
temperature desired. 

Fig.6 - Test setup for measurement of IF amplifier 
voltage gain. 



Fig. 8 - Typical IF amplifier voltage gain and input 
limiting voltage (knee) characteristics. 
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LINEAR INTEGRATED CIRCUITS 


CA3042 

ELECTRICAL CHARACTERISTICS, at an Ambient Temperature , Tj±, of 25°C , and a DC Supply 
Voltage, Vqq, of +140 Volts applied to Terminal 14 through a resistance of 6.2 k£l, unless other- 
wise indicated. Any other combination of DC Supply Voltage and Series Resistance which will 
not cause the Maximum Dissipation Limit or any of the Maximum Voltage or Current Limits for 
the CA3042 to be exceeded may be used. 


CHARACTERISTICS 
(See Page 7 for Definitions of Terms) 

SYMBOLS 

TEST CONDITIONS 

— 

LIMITS 

Units 

TYPICAL 

CHARAC- 

TERIS- 

TICS 

CURVES 

SETUP 

AND 

PROCEDURE 

SPECIAL CONDITIONS 

TYPE 

CA3042 

Rig- 

Min. 

Typ. 

Max. 

Rig. 

Total Device Dissipation 

Pt 

3 

T A ‘ 

0°C 

200 

230 

260 

mW 

4 

*25°C 

210 

240 

270 

mW 

+85°C 

220 

250 

280 

mW 

Zener Regulating Voltage (DC Sup- 
ply Voltage at Terminal 14) 

V14 

- 


10.5 

11.2 

12.3 

V 

- 

Quiescent Operating Current 
(into Terminal 11) 

'n 

3 


0.25 

0.63 

1 

mA 

- 

9-Volt Current Drain (Quiescent Op- 
erating Current into Terminal 14) 

114 

3 

Vcc * +9 V applied directly 
to Terminal 14 

8 

12 

18 

mA 

- 

Input-Impedance Components: 

Parallel Input Resistance 

R| 

5 




- 

11 

_ 

kH 

_ 

Parallel input Capacitance 

C| 

5 


- 

5 

- 

pR 

- 

Output-Impedance Components: 
Parallel Output Resistance 

R o 

- 


_ 

100 

- 

kft 

_ 

Parallel Output Capacitance 

Co 

- 


- 

4 

- 

PR 

- 

Input Limiting Voltage (Knee) 

v i(lim) 

11 


- 

150 

200 

mV 

(rms) 

8 

Amplitude-Modulation Rejection 

AMR 

7 


45 

58 

- 

dB 


IF-Amplifier Voltage Gain 

ACIF) 

6 



- 

67 

- 

dB 

8 

Recovered AF Voltage: 

1. At FM-Detector Output 

V 0 (af) 

11 

4.3 

vmz 

Af 

±25 

kHz 

Rj_= 50 kH 

THD = 0.7% (typ.) 

- 

250 

_ 

mV 

(rms) 

- 

2. At AF-Driver Output 
in Test Setup 


11 

RL= 322 n 

THD < 5% 

500 

800 

- 

mV 

(rms) 

- 

3. At AF-Driver Output in 
TV-Receiver Sound System 


2A or 2B 

R l « 150 k n 

THD = 1.5% (typ.) 

- ! 

3 

- 

V 

(rms) 

- 

Total Harmonic Distortion: 

1. In Test Setup 

THD 

11 

V 0 (af) * 500 mV (rms) 

_ 

1.5 

5 

% 


2. In TV Receiver Sound System 


2A or2B 

v o(af) = 1-3 V (rms) 

- 

1 

- 

% 

- 

FM-Detector Output Resistance 

fydet) 

- 

t 

f = 

1 kHz 

1 



10 

- 

kn 

- 

AF-Driver Input Resistance 

R l(af) 

- 


- 

100 

- 

kfl 

- 

AF-Driver Output Resistance 

Ro(af) 

- 


- 

250 

- 

n 

- 

AF-Driver Voltage Gain 

A af 

9 

R s = 500, Ci = 0 

- 1 

30 

- 

dB 

10 


4*kn 



Fig.9 - Test setup for measurement of AF amplifier 
voltage gain. 



Fig. 10 - Typical A F amplifier voltage gain 
characteristics. 


4.5 MHz 
DISCRIMINATOR 
TRANSFORMER * 



PROCEDURES: 

Recovered AF Voltage: 

1. Set Input Signal Generator as follows: 

Output frequency = 4.5 MHz 
Modulating frequency = 1 kHz 
Deviation = ± 25 kHz 
Output level for Vj n = 100 mV rms 

2. Set volume control for maximum af output 

3. Measure af output voltage and record as Recovered 
AF Voltage. 

Total Harmonic Distortion: 

1. Adjust volume control for an af output voltage of 
500 mV rms. 

2. Measure Total Harmonic Distortion of the output 
signal in accordance with the Operating Instructions 
for the Distortion Analyzer. 

Input Limiting Voltage (Knee): 

1. Decrease Vj n until the af output voltage is 3 dB 
less than the value set in Step 1 of the procedure for 
measurement of Total Harmonic Distortion (500mV - 
3 dB = 350 mV) 

2. Measure resulting value of Vj n and record as Input 
Limiting Voltage (Knee). 


Fig. 11 - Test setup for measurement of input limiting voltage (knee), 
recovered AF voltage, and total harmonic distortion. 
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LINEAR INTEGRATED CIRCUITS 


CA3043 


Special-Function Sub-System 

HIGH-GAIN IF AMPLIFIER, 

LIMITER, FM DETECTOR, AND 
AF PREAMPLIFIER/DRIVER 

FEATURES 

• high sensitivity - - input limiting voltage (knee) 

50 mV typ. at 10.7 MHz 

e excellent AM rejection - - 58 dB typ. at 10.7 MHz 
e inherent high stability - - internally shielded 

RCA Integrated Circuit Type CA3Q43 provides in a sin- 
gle monolithic silicon chip, a major sub-system for the 
IF sections of Communications and high-fidelity FM 
receivers. As shown in the Schematic Diagram (Fig.2) 
and the FM Receiver Block Diagram (Fig.l),the CA3043 
contains a multistage if-amplifier/limiter section, an 
FM-detector stage, a Zener-diode regulated power-supply 
section, and an af-amplifier section. In FM receivers, 
the CA3043 can be used to provide if amplification and 
limiting, FM detection, and af preamplification. The 
CA3043 provides exceptional versatility of circuit design 
because the if-amplifier/limiter section, FM detector 
section, and af-preamplifier/driver section can be used 
independently of each other. 

The four stage emitter-follower-coupled if amplifier 
section provides 80-dB voltage gain at 10.7 MHz, and 
features an output stage with exceptionally good limiting 
characteristics because of its transistor constant- 
current sink. 

The FM detector section is distinguished by circuitry 
which provides forward bias to the detector diodes, D2 
and D3, and also provides a reference voltage for AFC. 

The audio amplifier provides a low-impedance drive for 
subsequent audio amplifiers. 

The power supply section provides zener-regulated, 
decoupled voltages for the IF amplifier, detector, and 
audio amplifier sections. 

ABSOLUTE-MAXIMUM RATINGS at T A * 25 °C 

DISSIPATION: 

At T a = 25°C to T a * 85°C 450 mW 

Above T a = 85°C Derate linearly 5 mW/°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 min) 
from case for 10 seconds max + 265°C 

TEMPERATURE RANGE: 

Operating -55°C to ♦ 125°C 

Storage -65°C to + 150°C 


For FM IF Amplifier Applications 
in Communications Receivers and 
High-Fidelity FM Receivers up to 20 MHz 

• internal Zener-diode regulated voltage supply 
e low harmonic radiation 

e wide frequency capability - - <100 kHz to >20 MHz 
e low Harmonic distortion 

• hermetic 12-lead TQ-5 style package 



Fig.1 - Typical application of tha CA3043 as a high-gain 
limitar, amplifier-dstector in an FM receiver. 


ELECTRICAL CHARACTERISTICS ot T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

— 

SPECIAL TEST 

CONDITIONS 

TEST CIR- 
CUIT AND 

PROCEDURE 

LIMITS 

UNITS 

TYPE CA3043 

Pig. 

Min. 

Typ. 

Max. 

STATIC CHARACTERISTICS | 

Current Drain at 6V 
into Pin No.ll 

hi 

V C C = +6V 

3 

10 

16 

20 

mA 

Regulator Voltage Pin No.ll 

vu 

V cc = +30V, 

R S = 750,0 

3 

6.9 

7.4 

8 

V 

Total Device Dissipation 

PT 

3 

200 

225 

260 

mW 

Quiescent Operating Current 
into Pin N0.6 

16 

3 

* 

0.65 

* 

mA 

DYNAMIC CHARACTERISTICS at Vcc = +30V, R s = 750 Q, f = 10.7 MHz | 

Voltage Gain 

- V 


4 

72 

80 

- 

dB 

Input Limiting Voltage (knee) 

Vj(lim) 

v 0 (af) at -3dB point 

6 

- 

50 

- 

(F&AS) 

Limiting Current from Pin N0.6 

l6dim) 


4 

- 

0.42 


mA 

(RMS) 

Recovered AF Voltage 

v 0 (3f) 

vj = 1 mV (RMS) 
f (modulating) - 1 kHz 
Deviation = ? 75 kHz 

6 

75 

110 

150 

mV 

(RMS) 

Amplitude-Modulation Rejection 

AMR 

Vj = 10 mV 

f (modulating) = 1 kHz 
% modulation = 50% 

8 

* 

58 

- 

dB 

Total Harmonic Distortion 

THD 

Vj = 1 mV (RMS) 

6 


0.3 

- 

% 

Input Impedance Components: 

Parallel Input Resistance 

R| 




7 


kQ 

Parallel Input Capacitance 



- 


5 


pF 



Notes: 

8 ■ Substrate 
Terminal No . 3 wire-connected to the case. 

Terminal No. 10 connected to the case through the substrate 


Terminals No.3 and 10 which are connected to the subatrate 
•houtd be connected to the moat negative point in the circuit. 

Diodes D 4 and D 5 , act as capacitors and are used to balance 
the detector substrate capacitances. 



92C9-I9I05 

Switch in Position A for 

Regulator- Voltage, Quiescent- 
Operating-Current, and Device 
Dissipation Test 
Switch in Position B for Current 
into Pin No. 11 


Pig.3 . Regulator voltage, device dissipation, quiescent 
operating currant , and currant at 6 volts Into Pin No. 11. 
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LINEAR INTEGRATED CIRCUITS 


CA3043 


MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 
listed horizontally with respect to the terminals listed vertically. For example, the 
voltage range between horizontal terminal 5 and vertical terminal 3 is 46 to 0 volts. 


TERM- 

INAL 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 


±4 

-4 

0 

-5 

* 

* 

* 

* 

* 

a 

0 

-5 

a 

Noted) 

2 



0 

-3 

a 

* 

a 

* 

a 

a 

0 

-3 

a 

a 

3 




+6 

0 

+6 

0 

+ 15 
+2 

+6 

0 

+6 

0 

+6 

0 

0 

Note (2) 

+3 

0 

4 





+2 

-4 

* 

* 

a 

* 

0 

•6 

a 

a 

5 






* 

* 

a 

a 

0 

-6 

+6 

0 

a 

6 







* 

♦ 

a 

-2 

-15 

* 

* 

7 








Noted) 

a 

0 

-6 

a 

a 

8 









a 

0 

-6 

a 

* 

9 










0 

-6 

a 

• 

10 











Note (2) 
0 

n 

11 












* 

12 














MAXIMUM 

CURRENT RATINGS 


TERM- 

INAL 

No. 

— 

*IN 

mA 

*0UT 

mA 

1 

- 


2 

• 


3 

0.1 

40 

4 


20 

5 

* 

• 

6 

* 

* 

7 

- 

- 

8 

* 

- 

9 


20 

10 



11 

40 

0.1 

12 

* 

* 


Note 1: These terminals should be connected through a dc 
resistance to any terminal which does not exceed 
100 ohms. 

Note 2: Pin 11 may be connected to any positive voltage 
source through a suitable resistor provided its cur- 
rent rating is not exceeded. 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 



Vi 


c b ’ Bypass Capacitor, 0.1 jiF electrolytic in parallel with 0.01 fiF 


I<j(lin») = — , Vi = 100 mV(RMS) 
2Kft 


* Output circuit should be completely shielded from the input 
circuit at the socket. 


Fig. 4 * Voltage gain tost circuit. 



Fig. 5 - Voltage gain vs frequency. 


750 a 



»2£S- 13104 


PROCEDURE: 

1. Recovered Audio Voltage v 0 ( a f) — 

Set input frequency to 10.7 MHz, 

Vj = 1 mV(RMS), modulating frequency = 1 kHz 
Deviation = ±75 kHz 

Record v as measured on the Distortion Analyzer meter 
scale. 

This is the recovered Audio Voltage Vo( a f) 

2. 3 dB Limiting Sensitivity vi(ji m ) — 

Reduce Vi until v 0 ( a Q drops 3 dB. 

Record this value of v* as V£(ii m ) 

3. Total Harmonic Distortion THD - 

Reset vi to 1 mV (RMS) and operate Distortion Analyzer per 
manufacturer's instructions to measure THD. 

* See Pig.9 for details on Discriminator Transformer. 

Fig.6 - Input limiting voltage (knee), recovered A F 
voltage, and total harmonic distortion tost circuit. 



Fig.7 - Input limiting voltage (knoo) at -3dB point 
vs frequency. 



Coil Form, Outside Diameter * 7/32" 

Can s 1/2" square X 1-1/8" long 
Slugs - Radio Industries Type MP34/MP100 Material 
Lj flu L3 = 20 Turns 5-44 litz wire universal wound 
L2 * 10 Turns 5-44 litz wire wound blfilar with Lj 
Li 6c L3 coupling adjusted to 520 kHz peak to peak separation 
on S curve when operated in circuit shown in Fig.6. 



92CS- IJI03 


PROCEDURE: 

A. Connect FM Generator to CA3043 input. 

Set frequency to 10.7 MHz, v* “ 10 mV, modulating frequen- 
cy - 1 kHz 
Deviation = ±75 kHz. 

Tune Wave Analyzer to peak reading at 1 kHz and record 
recovered Audio Voltage v 0 ( a f)FM- 

B. Disconnect FM Generator and Connect AM Generator to 
CA3043 input. 

Set frequency to 10.7 MHz, Vi = 10 mV, modulating frequen- 
cy = 1 kHz, percent modulation = 50%. 

Tune Wave Analyzer to peak reading and record recovered 
audio voltage v o(a f)AM v 

Amplitude Modulation Rejection Ratio = 20 log IQ 

v o(af)AM 

Fig. 8 * Amplitude modulation rejection test circuit. 


Fig. 9 - 1 0.7-MHz discriminator transformer for CA3043. 
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LINEAR INTEGRATED CIRCUITS 


CA3044, CA3044V1 


Special-Function Sub-System 

WIDE BAND AMPLIFIER/PHASE DETECTOR 
WITH ZENER DIODE VOLTAGE REGULATOR 

For AFC (Aatematic 
Frequency Control) Applications 

The RCA CA3044 and CA3044V1 represent a second 
generation of integrated circuits designed primarily for 
AFC (Automatic-Frequency-Control) applications. 

The CA3044V1 is electrically identical to the CA3044 but 
is supplied with formed leads for easier PC board design 
and construction. 


FEATURES 

• Primarily intended for AFC (automatic frequency 

control) Applications 

• Internal Zener Diode Voltage Regulator 

• Differential Input Amplifier/Limiter 

• Full-Wave Diode Bridge Detector 

• Differential Output Voltage Amplifier 

• Available in Two Electrically Identical Versions 
of the 1 0-lead TO-S style package. 

CA3044 With Straight Leads; 

CA3044V1 With Formed Leads 

• Wide Operating Temperature Range; -55 to +125°C 



MCS- IS209 


Fig. J - Block diagram of Typical Automatic Fine Tuning 
(AFT) Application using CA3044 or CA3044VI in 
Color-TV Receiver. 


ABSOLUTE-MAXIMUM RATINGS 

DISSIPATION: 

At T a * 25°C 

Above T a = 25°C 

TEMPERATURE RANGE: 

Operating 

Storage 


830 mW 

Derate linearly 5.6 mW/°C 


-55 °C to +125 °C 
-65 °C to +150°C 


LEAD TEMPERATURE (During Soldering): 

At distance 1/1 6 ± 1/32 inch (1.59 ± 0.79mm) 

1 from case for 1 0 seconds max + 265C 


MAXIMUM VOLTAGE RATINGS at T A - 25°C 


The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the MAXIMUM 

voltage range between vertical terminal 2 and horizontal terminal 6 is +20 to 0 volts. CURRENT RATINGS 


TERM- 

INAL 

No. 

9 

10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

NO INTERNAL CONNECTION 


10 



+20 

0 

+20 

-10 

+20 

0 

+20 

0 

+20 

0 

+20 

0 

+20 

0 

▲ 

1 




* 

+ 12 
-12 

* 

* 

+ 6 
-6 

* 

+6 

0 

2 





* 

* 

♦ 

+20 

0 

* 

+20 

0 

3 






* 

* 

+’6 

-6 

* 

+6 

0 

4 







* 

* 

* 

+12 

0 

5 








* 

* 

+ 12 

0 

6 









+ 5 
-5 

+5 

0 

7 










+8 

-5 

6 










REF. 

SUB- 

STRATE 


TERM- 

INAL 

No. 

l|N 

mA 

•out 

mA 

9 


. 

10 

50 

50 

1 

5 

5 

2 

20 

20 

3 

5 

5 

4 

5 

5 

5 

5 



5 

6 

5 

5 

7 

5 

5 

8 

50 

50 


* Terminal No. 10 may be connected to any positive voltage 
source through a suitable dropping resistor — provided the 
dissipation rating is not exceeded. 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 



DIODES DS AMO D« ACT AS CAPACITORS AMD ARE USED TO 
BA LA MCE THE DETECTOR SUBSTRATE CAPACITAMCES 

WCS-iMO* 


Fig. 2 - Schematic diagram CA3044, CA 3044V1 



Fig, 3 - Test sotup: Measurement of total device dissi- 
pation, Zener ragulating voltago, quioscont operating 
current (terminal 2). 


i.s nn 



Fig.4 - Input limiting sensitivity test circuit. 
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LINEAR INTEGRATED CIRCUITS 


CA3044, CA3044V1 


ELECTRICAL CHARACTERISTICS at T A * 25°C, Unlast Otharwisa Spacifiad 


CHARACTERISTICS 

SYMBOLS 

TEST 

CIRCUITS 

TEST 

CONDITIONS 

LIMITS 

CA3044 and CA3044V1 

UNITS 

CHARAC- 

TERISTIC 

CURVES 

FIG. 

MIN. | TYP. | MAX. 

FIG. 

STATIC CHARACTERISTICS 

Device Dissipation 

p t 

3 

V CC = 30V 

R s = 1.5 kQ 

T A = -55°C 

90 

120 

150 

mW 

- 

Device Dissipation 

P T 

3 

V rr = 30 V 

R$ = 1.5 kH 

T a = 25°C 

110 

140 

170 

mW 

- 

Device Dissipation 

?T 

3 

V rr = 30 V 

Rg = 1.5 kf) 

T a = +125°C 

130 

160 

190 

mW 

- 

9-Volt Current Drain 

't 

3 

Vio = 9V 

2.5 

4 

5.5 

mA 

- 

Zener Regulating Voltage - 
DC Supply Voltage at Terminal 10 

v 10 

3 



10.5 

11.2 

11.9 

V 

- 

Quiescent Operating Current into 
Terminal 2 

*2 

3 

1 

2 

4 

mA 

- 

Quiescent Operating Voltage at 
Terminal 4 

v 4 

- 

V rr = 30 V 

R$ = 1.5 kQ 

5.0 

6.5 

8.0 

V 

* 

Quiescent Operating Voltage at 
Terminal 5 





5.0 

6.5 

8.0 

V 

- 

Output Offset Voltage between 
Terminals 4 and 5 

v « 


*1.5 

0 

1.5 

V 

* 

| DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER) j 

Input Limiting Voltage (Knee) 

V| 

Limiting 

4 

f =45.75 MHz 

* 

75 

- 

mV 


Input Admittance 

*u 


f ■ 45.75 MHz 

v cc “ 30 V 

R s «= 1.5 kfl 


0.5+jl.l 

- 

mmho 


Reverse Transfer Admittance 

*12 


- 

3.8+j3.4 

- 

yxmho 


Forward Transfer Admittance 

*21 



-11.7 +10.1 

- 

mmho 


Output Admittance 

*22 



0.077 +j0.9 


mmho 


| OUTPUT vs FREQUENCY DEVIATION - AFC 

Correction-Control Voltage at 

Terminal 4 

V 

corr. 

(4) 

5 

Vqc = +30 V 

V jn = 200 mV RMS 
f 0 = MHz as 
indicated 

%of 

VlO 


%of 

VlO 



45.750 - 0.025 

85 


- 

V 

6,7 

45.750 + 0.025 



33 

V 

45.750 - 0.900 

75 


- 

V 

7 

45.750 + 0.900 



43 

V 

45.750 - 1.500 



85 

V 

45.750 + 1.500 

33 


. 

V 

Correction-Control Voltage at 

Terminal 5 

V 

corr. 

(5) 

5 

45.750 - 0.025 



33 

V 

6,7 

45.750 + 0.025 

85 


- 

V 

45.750 - 0.900 



43 

V 

7 

45.750 + 0.900 

75 


- 

V 

45.750- 1.500 

33 



V 

45.750 + 1.500 

* 


85 

V 


DYNAMIC CONTROL VOLTAGE 
CHARACTERISTICS 

The CA3044 and CA3044VI are specifically in- 
tended for use in the AFT system of color television 
receivers. Each device is tested so that the control 
voltages generated by the circuit meet the critical re- 
quirements of the system. Figure 5 is the schematic 
diagram of the test circuit. 

Figure 6 and 7 show the control voltages gener- 
ated at terminals 4 and 5 of the Integrated Circuit as a 
function of the frequency deviation from the nominal 
center frequency. Figure 6 shows the region within 
25 KHz of the center frequency while Figure 7 covers 
the entire bandwidth of the system. The horizontal 
reference lines on the figures are generated by a volt- 
age divider connected between the power supply volt- 
age on Terminal 10 and ground. The dynamic control 
voltages are compared with these references according 
to the Output vs Frequency Deviation Table. For ex- 
ample: when the frequency deviation is -25 KHz the 
control voltage at Terminal 4 is greater than the refer- 
ence A voltage; the control voltage at Terminal 5 is 
less than the reference B voltage. 

The shape of the correction voltage character- 
istics is dependent to a large degree upon transformer 
characteristics and the parts layout. In order to 
closely duplicate the curves shown, the printed circuit 
board shown in Figure 8 and the parts layout shown 
in Figure 9 should be followed as closely as possible. 
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Fig.5 - Correction voltage test circuit for 
CA3044 and CA3044VI. 



92CS-I5238 
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DEFINITIONS OF TERMS 


Input Limiting Vo I tog* (Knea) [v ( (lim)] 

The input signal voltage which will cause the output signal to 
decrease 3 dB from its maximum level. 

Total Device Dissipation (Py) 

The total power drain of the device with no signal applied and 
no external load current. 

Quiescent Operating Voltage 

The dc voltage at the output terminal, with respect to ground, 
with no signal applied. 

Quiescent Operating Current 

The average (dc) value of the current in either output, terminal, 
with no signal applied. 

Output Offset Voltage 

The dc voltage between output terminals with no signal applied. 


Fig.6 - Typical narrow-band dynamic control voltage 
characteristics. 


Fig.7 - Typical wide- band dynamic control voltage 
characteristics. 


Control Voltoge 

The dc voltage at either output terminal with respect to ground 
with an RF signal of specified frequency applied. 
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LINEAR INTEGRATED CIRCUITS 



Fig.9 - Top view of wired test board . 


a) Top view 


b) Bottom view 


Fig. 8 - Printed Circuit Board for Test Circuit -- 
Full Size 


CA3044, CA3044V1 


144 



LINEAR INTEGRATED CIRCUITS 


CA3045, CA3046 Types 


General-Purpose Transistor Arrays for Low-Power Applications at Frequencies 

from DC through the VHF Range 

THREE ISOLATED TRANSISTORS 
AND ONE DIFFERENTIALLY-CONNECTED 
TRANSISTOR PAIR 


The CA3045 and CA3046 each consist of five general-purpose 
silicon n-p-n transistors on a common monolithic substrate. 
Two of the transistors are internally connected to form a 
differentially-connected pair. 

The transistors of the CA3045 and CA3046 are well suited to 
a wide variety of applications in low power systems in the DC 
through VHF range. They may be used as discrete transistors 
in conventional circuits. However, in addition, they provide 
the very significant inherent integrated circuit advantages of 
close electrical and thermal matching. 


The CA3045 is supplied in a 14-lead dual-in-line hermetic 
(welded-seal) ceramic package and the CA3045F in a 14-lead 
dual-in-line hermetic (frit-seal) ceramic package. 

The CA3046 is electrically identical to the CA3045 but is 
supplied in a dual-in-line plastic package for applications 
requiring only a limited temperature range. 


ABSOLUTE MAXIMUM RATINGS AT T A * 26°C 


CA3045 


CA3045F, CA3046 


Rower Dissipation: 

T A up to 55°C 

T a > 55°C 

T a up to 75°C 

T a > 75°C 

Collector-to-Emitter Voltage, Vq E q . . 
Collector-to-Base Voltage, Vqqq 
C ollector-to-Substrate Voltage, Vqjq 
E mitter-to-Base Voltage, V E gO 


Each 

Total 

Each 

Total 


Transistor 

Package 

Transistor 

Package 


- 

- 

300 

750 

mW 

- 

- 

Derate at 6.67 

mW/°C 

300 

750 

- 

- 

mW 

Derate at 8 

- 

- 

mW/°C 

15 

- 

15 

- 

V 

20 

- 

20 

- 

V 

20 

- 

20 

- 

V 

5 

- 

5 

_ 

V 


Temperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32" (1.59 ±0.79 mm) 

from case for 10 seconds max: 

* The collector of each transistor of the CA3045 and 
CA3046 is isolated from the substrate by an integral 
diode. The substrate (terminal 13) must be connected 


-55 to +125 -55 to +125 °C 

-65 to +150 -65 to +150 °C 


+265 +265 °C 


to the most negative point in the external circuit to 
maintain isolation between transistors and to provide 
(or normal transistor action. 


ELECTRICAL CHARACTERISTICS, of T A = 25°C 

Characteristics apply for each transistor in the CA3045 and CA3046 as specified. 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

LIMITS 

UNITS 

Type CA3045 

Type CA3046 

MIN. | TYP. | MAX. 

| STATIC CHARACTERISTICS 

Colledor-to-Base Breakdown Voltage 

v (BR)CB0 

l c -10/iA, l E =0 

20 

60 


V 

Collector-to-Emitter Breakdown Voltage 

v (BRlCE0 

Iq * 1 mA, lg = 0 

15 

24 


V 

Collector-to-Substrate Breakdown Voltage 

V (BR)CI0 

l c = 10 /jAj l C | = 0 

20 

60 


V 

Emitter-to-Base Breakdown Voltage 

V (BR)EB0 

l E = 10/iA, l c =0 

5 

7 


V 

Collector-Cutoff Current 

'CBO 

V CB = 10 V,l E -0 


0.C02 

40 

nA 

Collector-Cutoff Current 

'CEO 

V CE “ 10 V.I B »0 


See curve 

0.5 

fiA 

Static Forward Current-Transfer Ratio 
(Static Beta) 

h FE 

1 Iq * 10 mA 

V rF = 3 V< l r -1mA 

(Iq = 10 /iA 

40 

100 

100 

54 



Input Offset Current for Matched Pair 

Qj and 0 2 - |l| 0l * l|0 2 l 


V CE - 3 V, l c = 1 n>A 


0.3 

2 

M 

Base-to- Emitter Voltage 

V BE 

Vqc =3 v/'e * 1 mA 
\l E = 10 mA 

’ 

0.715 

0.800 


V 

Magnitude of Input Offset Voltage for Differ- 
ealial Pali |V BEl - V BE2 | 


V C E = 3V.l c = lmA 


0.45 

5. 

mV 

Magnitude of Input Offset Voltage for Iso- 
lated Transistors IVbEt - Vg E .|. 
I v be 4 - v be 5 I. |vbe 5 -vbe 3 | 


Vce = 3 V, Iq =1 mA 


0.45 

5 

mV 

Temperature Coefficient of 

Base-to-Emitter Voltage 

av be 

AT 

V CE -3V,l c »lmA 


-1.9 


mV °C 

Collector-to-Emitter Saturation Voltage 

V C£S 

Ig = 1 mA, Iq = 10 mA 


0.23 


V 

Temperature Coefficient: 

Magnitude of Input-Offset Voltage 

IAV| 0 

AT 

Vce 3 V, Iq 1mA 


1.1 


fiv° c 



STRATE 

92CS -)5?06 

Fig. I - Schematic diagram. 

FEATURES 

• Two matched pairs of transistors 

Vgg matched i 5 mV 

Input offset current 2 \x A max. at 1^ = 1 mA 

• 5 general purpose monolithic transistors 

• Operation from DC to 120 MHz 

• Wide operating current range 

• Low noise figure - - 3.2 dB typ. at 1 kHz 

• Full military temperature range for CA3045 

-55 to + 1 25°C 

• The CA3045 is available in a sealed-junction 
Beam-Lead version (CA3045L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 


APPLICATIONS 

• General use in all types of signal processing systems 
operating anywhere in the frequency range from 

DC to VHF 

• Custom designed differential amplifiers 

e Temperature compensated amplifiers 

e See RCA Application Note, 1C AN-5296 “Application 
of the RCA-CA3018 Integrated-Circuit Transistor 
Array" for suggested applications. 


STATIC CHARACTERISTICS 



AMBIENT TEMPERATURE <T A )— *C 

92CS-I5I95 

Fig. 2 - Typical collector-to-base cutoff current vs 
ambient temperature for each transistor. 
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LINEAR INTEGRATED CIRCUITS 


CA3045, CA3046 Types 


ELECTRICAL CHARACTERISTICS, o* T A = 25 °C 

Characteristics apply f° r each transistor in the CA3045 and CA3046 as specified. 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

LIMITS 

UNITS 

Type CA3045 

Type CA3046 

MIN. | TYP. | MAX. 

j DYNAMIC CHARACTERISTICS | 

Low-Frequency Noise Figure 

NF 

f= 1 kHz; V CE =3VJ C =100 mA 
Source Resistance = 1 kn 


3.25 


dB 

Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 







Forward Current-Transfer Ratio 

h fe 

f = 1 kHz, V CE 

3 V, l c = 1 mA 


110 



Short-Circuit Input Impedance 



3.5 

* 

kil 

Open-Circmt Output Impedance 

"oe 


15.6 


Atmho 

Open-CircuTT Reverse 

Voltage-Transfer Ratio 

h re 


1.8xl0' 4 



Admittance Characteristics: 







Forward Transfer Admittance 

Y fe 

f = 1 MHz, V CE 

1 

= 3 V, l c = 1 mA 


31-jl .5 



Input Admittance 

v« 


0.3+j0.04 



Output Admittance 

Y oe 


0.001 +j0.03 

- 

- 

Reverse Transfer Admittance 



See curve 


- 

Gain-Bandwidth Product 

<T 

V CE = 3 V. I c = 3 mA 

300 

550 


- 

Emitter-to-Base Capacitance 

O 

m 

CD 

V EB - 3 V, l E =0 


0.6 


PF 

Collector-to-Base Capacitance 

C CB 

V CB = 3V, I C =0 


0.58 


PF 

Collector-to-Substrate Capacitance 

C CI 

V CS = 3V,I C =0 

■ 

I 

2.8 


PF 


STATIC CHARACTERISTICS 



AMBIENT TEMPERATURE (T A ) — »C 

92CS- 15194 


Fig. 3 - Typical collector-to-emitter cutoff current vs 
ambient temperature for each transistor. 



92CS-I5I82 

Fig. 4 - Typical static forward current-transfer ratio and 
beta ratio for transistors Qj and ©2 vs emitter current. 



92CS-I52I6 

Fig. 5 - Typical input offset current for matched 
transistor pair QjQ 2 vs collector current. 



Fig. 6 - Typical static base-to-emitter voltage character- 
istic and input offset voltage for differential pair and 
paired isolated transistors vs emitter current. 




Fig.7 - Typical base-to-emitter voltage characteristic Fig. 8 - Typical input offset voltage characteristics for 

vs ambient temperature for each transistor. differential pair and paired isolated transistors 

vs ambient temperature. 
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LINEAR INTEGRATED CIRCUITS 


CA3045, CA3046 Types 


DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 



Fig. 9(a) - Typical noise figure vs collector current . 
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9ZCS- 15190 

Fig. 10 - Typical normalized forward current-transfer 
ratio, short-circuit input impedance, open-circuit 
output impedance, and open-circuit reverse volt- 
age-transfer ratio vs collector current. 



92CS-I4257 


Fig.ll - Typical forward transfer admittance 
vs frequency. 



Fig. 12 - Typical input admittance vs frequency. 



92CS-I4Z60RI 

Fig. 13 - Typical output admittance vs frequency. 
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Fig. 14 - Typical reverse transfer admittance 
vs frequency. 
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LINEAR INTEGRATED CIRCUITS 


CA3048 

Amplifier Array 

FOUR INDEPENDENT 
AC AMPLIFIERS 

The RCA CA3048 is a silicon monolithic integrated 
circuit consisting of four independent identical AC 
amplifiers which can operate from a single-ended power 
supply. 

The amplifiers include internal DC bias and feedback 
to provide temperature-stabilized operation. They may 
be used in a wide variety of AC applications in which 
operational amplifiers have previously been used. 


For Low-Noise and 
General AC Applications 
in Industrial Service 


Each high gain amplifier has a high impedance non- 
inverting input, and a lower impedance inverting input 
for the application of feedback. Two power-supply 
terminals and two ground terminals are provided to re- 
duce internal and external coupling between amplifiers. 

The CA3048 is supplied in a 16-lead dual-in-line 
plastic package. 


ABSOLUTE-MAXIMUM RATINGS at T A = 25°C: 

DISSIPATION: 

At Ta = 55°C 

Above Ta = 55°C 

TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ±0.79mm) 
from case for 10 seconds max 


750 mW 

Derate linearly at 7.7 mW/°C 

. 40°C to +85°C 

-65°C to +150°C 


+265°C 


POWER SUPPLY VOLTAGE +16 V 

AC INPUT VOLTAGE 0.5 V rms 


MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 2 and horizontal terminal 4 is +2 to -3.6 volta. 


TERM- 

INAL 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

I 


+ 16 

0 

♦ 

* 

* 

* 

* 

* 

* 

* 

* 

* 

• 

* 

0 

-16 

♦ 

2 



* 

+2 

•3.6 

0 

* 

* 

+2 

-3.6 

-3.6 

* 

♦ 

+ 16 

0 

+ 2 
-3.6 

* 

+ 16 

0 

0 

-16 

3 




+5 

-5 

* 

* 

* 

* 

* 



♦ 

* 

* 

* 

• 

4 





+3.6 

-2 

* 

* 

* 

♦ 


* 

• 

* 

* 

* 

* 

5 






0 

-16 

* 

+2 

-3.6 

+2 

-3.6 

* 

0 

-16 

+ 16 

0 

+2 

-3.6 

* 

+ 16 

0 

* 

6 
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* 
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0 

-16 
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* 
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7 
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Fig. 1 - Block diagram for CA 3048. 


FEATURES 

• Four AC amplifiers on a common substrate 

• Independently accessible inputs and outputs 

• Operates from single-ended supply 

EACH AMPLIFIER 


• Noise figure at 1 kHz 2 dB typ. 

• High voltage gain 53 dB min. 

• High input resistance 90 kfi typ. 

• Undistorted output voltage 2 V rms min. 

e Output Impedance 1 tn typ. 

• Open- loop bandwidth 300 kHz typ. 

APPLICATIONS 


• Multi-channel or cascade operation 

• Low-level preamplifiers 

• Equalizers 

• Linear signal mixers 

• Tone generators 

• Multivibrators 

• AC integrators 



• CONNECT TO APPROPRIATE TERMINAL TO READ VOLTAGE 

Fig.2 -Tut circuit for measurement of co/lector 
supply voltage and currants . 


* Voltage* are not normally applied between these terminals. 
Voltages appearing between the»e terminal* will be safe if the 
specified limits between all other terminals are not exceeded. 
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LINEAR INTEGRATED CIRCUITS 


CA3048 



Fig. 3 - Schematic diagram for CA3048. 


ELECTRICAL CHARACTERISTICS at Ta = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

TEST 

CIR- 

CUIT 

LIMITS 

CA3048 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

FIG. 

MIN. | TYP. | MAX. 

FIG. 

| STATIC | 

Current drain per amplifier pair 

Il2 or Iis 

Vcc = +12V 

2 

9.5 

13.5 

17.5 

mA 

4,5 

DC Voltage 
at Output Terminals 

VI, V6, 

VII, V16 

VcC = + 12V 

2 

6.1 

6.9 

8.1 

V 


DC Voltage 

at Feedback Terminals 

V3. V7, 
V10, V14 

Vcc = + 12 V 

2 

1.7 

2.0 

2.3 

V 


DC Voltage 
at Input Terminals 

V4, V8, 
V9, V13 

Vcc = + 12V 

2 

2.2 

2.5 

2.8 

V 

- 

| DYNAMIC (Characteristics given are for each amplifier with no AC feedback) | 

Open-Loop Gain 

AOL 

Vcc =+ 12V 

E|N = 2mV 
f « 10 kHz 

6 

53 

58 

- 

dB 

7,8 

Output Voltage Swing 

V 0 (rms) 

Vcc = + 12V 

f = 1kHz 

THD = 5% 

6 

2.0 

2.4 

- 

V 

- 

Open-Loop -3dB Bandwidth 

BW 

VCC = + 12V 

Ein = 2mV 

6 

250 

300 

- 

kHz 

9 

Total Harmonic Distortion 

THO 

VCC = + 12V, f = lkHz 
EOUT = 2V rms 

6 

- 

0.65 

- 

% 

10 

Input Resistance 

R|N 

OPEN LOOP 
Terminals 3, 7, 10, 
and 14 are by- 
passed to ground 
f = 1 kHz 

- 

- 

90 

- 

kQ 

- 

Input Capacitance 

C|N 

f = lMHz 

- 

- 

9 

- 

PF 

- 

Output Resistance 

Rout 

Terminals 3, 7, 10 
and 14 are by- 
passed to ground 

- 

- 

1 

- 

kfi 

- 

Output Capacitance 

cout 

f = 1 MHz 

- 

- 

18 

- 

PF 

- 

Feedback Capacitance 
(Output to non- 
inverting Input) 

Cfb 

Vcc = + 12V 
f = 1 MHz 

- 

- 

<Q,1 

- 

PF 

- 

Broad-Band Output 

Noise Voltage 

en 

VCC = + 12V 

R$ = 10 kil 

A = 40 dB 
Equivalent 

Noise BW =50 kHz 

11 

- 

0.3 

1 

mV 

- 

Output Noise Voltage 
“Weighted" 

EN(WT) 


12 

- 

0.5 

2.2 

mV 

- 

Noise Figure 

NF 

(R s - 5 kS2) 

■ 

10 H z 

- 

- 

10 

- 

dB 


100 Hz 

- 

- 

5.8 

- 


1 kHz 

- 

- 

2 

- 

mui 

10kHz 

- 

- 

1.1 

- 

BEB 

100 kHz 

- 

- 

0.6 

- 

BEQH 

Inter-Amplifier Audio 
Separation “Cross Talk" 


VCC * + 12V 
f « 1 kHz 

OdB ■ 0.78V 

13 

■ 


H 

dB 


Inter-Amplifier Capacitance 
(Any amplifier output to 
any other amplifier input) 

C 

VCC = + 12 V 
f = 1MHz 

- 


<0.02 

- 

PF 

- 
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Fig.4 - Typical DC supply currant vs supply voltaga. 
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Fig.5 - Typical DC supply currant vs ambient 
temperature. 



* Sit Gen should be a low distortion type (0.2% THO or less! 
HP206A or equivalent. 

• Adjustment of Eg to 2 volts will make Es e 2mV, 

Test Circuit shows Amplifier #1 under test, to test Amplifiers 2, 3, 
or 4; Connect terminals as shown In Table. 
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Flg.6 - Test circuit hr measurement of distortion, open” 
loop gain and bandwidth characteristics . 
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LINEAR INTEGRATED CIRCUITS 


CA3048 



Fig.7 - Typical amplifier gain vs DC supply voltage. 



Fig.8 - Typical open- loop gain vs ambient temperature , 



Fig.9 - Typical open-loop gain vs frequency. 



Fig. 10 - Typical total harmonic distortion 
vs ambient temperature. 



* V.T.V.M. - Hewlett-Packard Model 4000 or equivalent. 

Procedure: 

1. Adjust Signal Generator for 0 dB output at reference terminal. 

2. Read voltage at other output terminals (Figure shows terminal 41 
used as reference). 

Fig. 13 - Test circuit for measurement of inter-amplifier 
audio separation “cross talk” characteristic. 



9ZCS-IS465 

To test Amplifiers 1, 2, 3, or 4, connect terminals as shown in 
Table. 


AMPLIFIER 

TERMINALS 1 

OUTPUT 

INPUT 

BYPASS 

1 

1 

4 

3 

2 

6 

8 

7 

3 

11 

9 

10 

4 

16 

13 

14 


Fig. 11 - Test circuit for measurement of broadband 
noise characteristic. 



1 10 100 1000 10,000 100,000 
RESISTANCE IN FEEDBACK CIRCUIT (R FB ) - OHMS 

92CS-I5469 

Fig. 14 - Typical amplifier gain vs feedback resistance. 


L i • 



• Li -2.5 millihenry inductor, dc resistance 0.3 ohms or less. 

* Resistors metal film type. 1%. To test amplifiers, connect 
terminals as shown in Table. 


AMPLIFIER 

TERMINALS f 

OUTPUT 

INPUT 

BYPASS 

1 

1 

4 

3 

2 

6 

8 

7 

3 

11 

9 

10 

4 

16 

13 

14 


Fig. 12 - Test circuit for measurement of ” weighted ” 
output noise voltage characteristic. 


OPERATING CONSIDERATIONS 
Economical Gain Control 

The CA3048 is designed to permit flexibility in the 
methods by which amplifier gain can be controlled. 
Fig. 14 shows a curve of the gain of an amplifier when 
the internal resistive feedback of the device is used in 
conjunction with an external resistor. Although meas- 
ured gain of various amplifiers will not be uniform, 
because of tolerances of internal resistances, this 
method is very economical and easy to apply. 

Stability 

The CA3048, as in other devices having high gain-band- 
width product, requires some attention to circuit layout, 
design, and construction to achieve stability. 

Should the CA3048 be left unterminated, socket capaci- 
tance alone will provide sufficient feedback to cause 
high frequency oscillations; therefore, all test circuits 
in this data bulletin include loading networks that pro- 
vide stability under all conditions. 
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LINEAR INTEGRATED CIRCUITS 


CA3049T, CA3102E 


DUAL HIGH-FREQUENCY 
DIFFERENTIAL AMPLIFIERS 

For Low-Power Applications at Frequencies 

up to 500 MHz 

Features: 

• Power Gain 23 dB (typ.) at 200 MHz 

• Noise Figure 4.6 dB (typ.) at 200 MHz 

• Two differential amplifiers on a common substrate 

• Independently accessible inputs and outputs 

• Full military -temperature -range capability- (— 55°C to + 125°C) 
for the CA3102E and for the CA3049T 

• The CA3049 is available in a sealed-junction 
Beam-Lead version (CA3049L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 


Applications 

• VHF amplifiers 

• VHF mixers 

• Multifunction combinations — RF/Mixer/Oscillator; 
Converter/I F 

• IF amplifiers (differential and/or cascode) 

• Product detectors 

• Doubly balanced modulators and demodulators 

• Balanced quadrature detectors 

• Cascade limiters 

• Synchronous detectors 

• Balanced mixers 

• Synthesizers 

• Balanced (push-pull) cascode amplifiers 

• Sense amplifiers 

MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES , 

ATT a *25*C 


RCA-CA3049T and CA3102E consist of two independent 
differential amplifiers with associated constant-current tran- 
sistors on a common monolithic substrate. The six transistors 
which comprise the amplifiers are general-purpose devices 
which exhibit low l/f noise and a value of fj in excess of 1 
GHz. These features make the CA3049T and CA3102E use- 
ful from dc to 500 MHz. Bias and load resistors have been 
omitted to provide maximum application flexibility. 


Power Dissipation, P: 

Any one transistor 

Total package 

For T^ > 55°C Derate at: 
Temperature Range: 

Operating 

Storage 


CA3049T 

CA3102E 


300 

300 

mW 

600 

750 

mW 

5 

6.67 mW/°C 

■! 

-55 to + 125 

-55 to + 125 

°C 

-65 to + 150 

—65 to + 150 

°C 



9ZCS-I5245 


Schematic Diagram for CA3049T 




Schematic Diagram for CA3102E 


The monolithic construction of the CA3049T and CA3102E 
provides close electrical and thermal matching of the ampli- 
fiers. This feature makes these devices particularly useful in 
dual-channel applications where matched performance of the 
two channels is required. 

The CA3102E is like the CA3049T except that it has a 
separate substrate connection for greater design flexibility. 
The CA3049T is supplied in the 12-lead TO-5 package; the 
CA3102E, in the 14-lead plastic dual-in-line package. 



Fig. J— Static characteristics test circuit for CA3102E. 



Lead Temperature (During Soldering): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79mm) Typical Characteristics for CA3049T and CA3102E 

from case for 10 seconds max + 265 C 


The following ratings apply for each transistor in the devices 


Collector to-Emitter Voltage, Vqeq 16 V 

Col lector - to- Base Voltage, Vqqq 20 V 

Collector-to-Substrate Voltage, Vqjq* 20 V 

Emitter-to-Base Voltage, VgfjQ 6 V 

Collector Current, Iq 50 mA 


•The collector of each transistor of the CA3049T and CA3102E Is 
isolated from th* substrata by an Integral dloda. Th* *ubstrat* 
(tsrminat 9) must b* connactad to th* most negative point in th# 
•x tarn *4 circuit to maintain Isolation batwaan transistors and to 
provld* for normal transistor action. 






2. BRACKETED NUMBERS REFER TO CA3I02E , UNBRACKETED 
NUMBERS REFER TO CAS049T 1 

JKCS-Z 

Lf, L 2 - Approx. 1/2 Turn #18 Tinned Copper Wire, 5/8" Dia. 
Cj, C 2 - 15 pF Variable Capacitors (Hammarlund, MAC-15; or 
Equivalent) 

All Capacitors in/xF Unless Otherwise Indicated 


Fig. 4— input offset voltage vs. emitter current 



Fig 2- AGO range and voltage gain test circuit for CA3102E. 


All Resistors in Ohms Unless Otherwise Indicated 

Fig 3-200 MHz cascode power gain and noise figure teat circuit 
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LINEAR INTEGRATED CIRCUITS 


CA3049T, CA3102E 

Electrical characteristics at t a - 2$*c 


CHARACTERISTICS 


STATIC CHARACTERISTICS 


TEST CONDITIONS 


TEST 

CIR- 

CUIT 

CA3049T LIMITS 


TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

FIG. 

MIN. ] TYP. |MAX. 

UNITS 

FIG. 





























LINEAR INTEGRATED CIRCUITS 


CA3049T, CA3102E 


ELECTRICAL CHARACTERISTICS at T A - 25*C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

TEST 

CIR- 

CUIT 

CA3102E LIMITS 


TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

FIG. 

MIN. | TYP. [MAX. 

UNITS 

FIG. 

STATIC CHARACTERISTICS 

For Each Differential Amplifier 

Input Offset Voltage 

VlO 


1 


0.25 

5 



-4 

Input Offset Current 

*10 

1 3 » lg * 2 mA 

1 


0.3 

3 

ma 


Input Bias Current 

'IB 


1 


13.5 

33 

ma 

5 

Temperature Coefficient Mag- 
nitude of Input-Offset Voltage 

IAV lo l 

AT 


1 


1.1 


MV/ 0 C 

4 

1 For Each Transistor 


DC Forward Base-to- 
E miner Voltage 

v be 

V CE “ 6 V 

1^*1 mA 


674 

774 

874 

mV 

6 

Temperature Coefficient of 
Baae-to-E miner Voltage 

AV be 

AT 

V CE = 6 V, l c = 1 mA 



-0.9 

... 

m V/°C 

6 

Collector-Cutoff Currant 

'CBO 

V C B * 10 V - 'E =0 



0.0013 

100 

nA 

7 


v (BR)CEO 

l c = 1 mA, 1 g = 0 


15 

24 

j 'rV 

V 



v (BR)CBO 

l c = 10 pA, l E = 0 

... 

20 

60 

... 

V 


Col lector -to-Substrate 
Breakdown Voltage 

v (BR)CIO 

lc = 10 pA, lg « 0, lg = 0 


20 

60 


V 


Emitter-to-Bste Breakdown 
Voltage 

v (BR)EB0 

lg = 10 m a . ( c = 0 


5 

7 


V 


1 DYNAMIC | 

I CHARACTERISTICS I 

1 /f Noise Figure (For 

Single Transistor) 

NF 

f = 100 KH 3 , Rs = 50° n 
l c = 1 mA 



1.5 


dB 

12 

Gain-Bandwidth Product 
(For Single Transistor) 

f T 

V CE = 6 V, l c = 5 mA 



1.35 


GH Z 

11 

Collector-Base Capacitance 

C CB 

I C = 0 V CB = 5V 



6.28 

0.15 


PF 

pF 

8 

Collector-Substrata Capacitance 

C CI 

• C = 0 V C( =5V 



1.65 


pF 

8 

For Each Differential 1 

Amplifier j 

Common-Mode Rejection Ratio 

CMR 

1 3 = lg = 2 mA 



100 

... 

dB 


AGC Range, One Stage 

AGC 

Bias Voltage = - 6 V 

2 


75 


dB 


Voltage Gain, Single-Ended 
Output 

A 

Bias Voltage = -4.2V 
f = 10 MHz 

2 

18 

22 


dB 

9, 10 

Insertion Power Gain 

G o 

f = 200 MHz 

v C c = 12V 

For Cascode 
Configuration 

1 3 — lg = 2 m A 

For Oiff. 
Amplifier 
Configuration 

I 3 = lg = 4mA 
(each 
collector 
• C - 2mA) 

Cascode 

3 


23 


dB 


Noise Figure 

NF 

Cascode 

3 


4.6 


dB 


Input Admittance 

Y 11 

Cascode 



1.5 ♦ j 2.45 



14. 16, 18 

Diff.Amp. 



0.878 + j 1.3 


mmho 

15, 17, 19 

Reverse Transfer Admittance 

Y 1 2 

Cascode 



0 - j 0.008 


mm ho 


Oiff Amp. 



0 - j 0.013 




Forward Transfer Admittance 

y 21 

Cascode 

... 


17.9 - j 30.7 


mmho 

26, 28. 30 

Diff. Amp. 

... 


- 10.5 + j 13 



27, 29. 31 

Output Admittance 

y 22 

Cascode 



-0.503- j 15 



20. 22, 24 

Diff.Amp. 



0.071 + j 0.62 



21. 23. 25 


'Terminals 1 & 14, or 7 & 8. (CA3102E) 1 & 1 2 or 6 & 7 (CA3049T) 
•Terminals 13 & 4. or 6 & 11. (CA3102E) 10 & 11 or 4 & 5 (CA3049T) 


CASC00E AMPLIFIER 
COLLECTOR SUPPLY VOLTS (V cc ).-H2 
EMITTER MILLiAMPERES (I 3 *Ig). 2 
AMBIENT TEMPERATURE ( t/ ) • 2S*C 






FREQUENCY ( I ) — MHz 


10 s 

92SS- 393i 


Fig. 14— Input admittance (Y j j) vs. frequency. 


INPUT CONDUCTANCE (q„ ) OR 
SUSCEPTANCE (b|| ) - MILLIMH0S 

0 - r\> w a 

DIFFERENTIAL AMPLIFIER 

COLLECTOR SUPPLY VOLTS (V CC )»♦ 12 
EMITTER MILLIAMPERES (I 5 * I-) « 4 
AMBIENT TEMPERATURE ( T A ) - 25*C 
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Fig. IS— Input admittance (Yjj) vs. frequency. 



COLLECTOR SUPPLY VOLTAGE IV CC )-V 92SS-3939 

Fig. 16— Input admittance (Yjjjvs. collector supply voltage. 
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Fig. 17-Input admittance (YjJ vs. collector supply voltage. 
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Fig 18-Input admittance (Y f1 ) vs. emitter current 



Fig. 19-Input admittance fY^j) vs. emitter current 
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FORWARD TRANSFER CONDUCTANCE <g 2 ,) 


LINEAR INTEGRATED CIRCUITS 


CA3049T, CA3102E 


Typical Output Admittance Characteristics for CA3049T and CA3102E 
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Fig. 20— Output admittance (Y 2 ^ vs. frequency. 


Fig. 21 -Output admittance (Y 22 i vs frequency. 


Fig. 22— Output admittance (Y 22 l vs. collector supply voltage. 




Fig. 23-Output admittance (Y 22 ) vs. collector supply voltage. fig. 24-Output admittance (Y 22 ) vs. emitter current 



Typical Forward Transfer Characteristics for CA3049T and CA3102E 
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Fig. 26— Forward transfer admittance (Y 21 J vs. frequency. 


Fig. 27-Forward transfer admittance ( Y 21 ) vs. frequency. 



Fig. 28— Forward transfer admittance (Y 21 i vs. collector supply 
voltage. 



COLLECTOR SUPPLY VOLTAGE (V cc 1-V 9 2 SS - 3942 


Fig. 29— Forward transfer admittance (Y 2 j) vs. collector supply volt- 
age. 
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Fig. 30-Forward transfer admittance (Y 2 f) vs. emitter current 
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LINEAR INTEGRATED CIRCUIT 


CA3050, CA3051 

Dual Differential Amplifiers 

TWO DARLINGTON- 
CONNECTED DIFFERENTIAL 
AMPLIFIERS WITH 
DIODE DIAS STRING 


The CA3050 and CA3051 each consists of two differ- 
ential amplifiers with associated constant current tran- 
sistors on a common substrate. Each amplifier is driven 
by Darlington-connected emitter follower inputs to pro- 
vide- high input impedance, low bias current, and low 
offset current. A string of diodes is included to provide 
temperature-compensated bias to the constant current 
transistors and a low impedance bias point for the inputs 
to the differential amplifiers when a single power supply 
is used . 


For Low-Power 
Applications at 
Frequencies from DC 
to 20 MHz 

APPLICATIONS 

• Matched dual amplifiers 

• Dual sense amplifiers 

• Dual Schmitt triggers 

• Dual multivibrators 

• Doubly balanced detectors and modulators 

• Balanced quadrature detectors 

• Synthesizer mixers 

• Product detectors 


MAXIMUM RATINGS. ABSOLUTE-MAXIMUM VALUES. AT T* * 25°C 



CA3050 

CA3051 


Power Dissipation, P: 

Any one transistor 

150 

150 

roW 

Total package 

900 

750 

mW 

F°r T. > 55°C, Derate at . 

8 

6.67 

mW/°C 

Temperature Range; 

Operating 

-55 to 

+ 125 

°C 

Storage 


+150 

°c 


LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.5*) ± 0.7*>mm) 

from case for 10 seconds max +265*^C 


The following ratings apply for each transistor in the device: 


Collector-to-Emitter Voltage, V^q 15 V 

Collector-to-Base Voltage, V CBQ 20 V 

Collector-to-Subatrate Voltage, Vqjq* 20 V 

Emitter-to-Base Voltage, VggQ 5 V 

Collector Current, 1^, . . . . 50 mA 


* The collector of each transistor of the CA3050 and CA3051 
is isolated from the substrate by an integral diode. The 
substrate ( terminal 14) must be more negative than all col- 
lectors to maintain isolation between transistors and to 
provide for normal transistor action . 


MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the MAXIMUM 

voltage range between vertical terminal 2 and horizontal terminal 3 is 45 to -2 volts. CURRENT RATINGS 


TERM- 

INAL 

No. 
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+1 

-5 
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+2.5 

-14 

Note 1 
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Ref. 

Sub- 

strate 


TERM- 

INAL 

No. 

•in 

mA 

•out 

mA 

1 

5 

0.1 

2 

50 

50 

3 

50 

1 

4 

50 

1 

5 

5 

0.1 

S 

50 

1 

7 

50 

1 

8 

5 

0.1 

9 

50 

1 

10 

5 

0.1 

11 

5 

0.1 

12 

50 

1 

13 

5 

0.1 

14 

100 

6 


NOTE 1 : This rating is important only whan tarminal 5 is more 
positive than tarminal 8. 

NOTE 2: This rating is important only whan tarminal 8 is more 
positivs than tarminal 5. 

NOTE 3: This rating is important only whan tarminal 10is more 
positivs than terminal 11. 


NOTE 4: This rating is important only whan tarminal 1 1 is more 
positive than tarminal 10. 

*Vdtagu art not normally applied between these terminals. Voltages appearing 
between these terminals will be safe if the specified limits between ell other 
terminals are not exceeded. 



FEATURES 

• Input offset current 70 nA max. 

• Input bias current 500 nA max. 

• Input offset voltage 5 mV max. 

• Input impedance 460 kQ typ. 


• Independently accessible inputs and outputs 

• CA3050— 14-lead dual-in-line ceramic package 

• CA3051— 14-lead dual-in-line plastic package 


TYPICAL STATIC CHARACTERISTICS 
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QUIESCENT BIAS MILLIAMPERES (I 3 ) 

92CS-I54I3 

Fig. 2(a) - Typical input offset voltage vs 
quiescent bias current. 
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Fig. 2(b) - Typical Input offset voltage vs 
ambient temperature. 
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INEAR INTEGRATED CIRCUITS 


CA 3050 , CA 3051 

ELECTRICAL CHARACTERISTICS at T A * 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

TEST 

CIR- 

CUIT 

LIMITS 

CA3050/CA3051 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 






FIG. 

STATIC 

Amplifier Characteristics 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Quiescent Operating Current Ratio 


V CC = + 6 V, I 3 = 2 mA 


imvni 


QUIESCENT BIAS Ml LLI AMPERES (I 3 ) 


IOO 

•2CS-I54IS 


Fig. 3(a) - Typical input offset currant vs 
quiascant bias currant. 


DC Forward Base-to*Emitter Voltage 


Temperature Coefficient of Base-to- 
Emitter Voltage 


Transistor Characteristics 


Collector-Cutoff Current 


Collector-to-Emitter Breakdown Voltage 


Collector-to-Base Breakdown Voltage 


Collector-to-Substrate Breakdown Voltage 


Emitter-to-Base Breakdown Voltage 


DYNAMIC 


Transistor Characteristics 


Emitter-to-Base Capacitance 


Collector-to-Base Capacitance 


Collector-to-Substrate Capacitance 


Amplifier Characteristics 


Gain-Bandwidth Product 
(For Single Transistor) 


Forward Transadmittance 
(With single-ended input and output) 


Bandwidth at -3 dB Point 


Input Impedance 


Output Impedance 


Common-Mode Rejection Ratio 


AGC Range 


V ce = 3V, l c = lmA 


= 10 V, Ie = 0 


v (BR)CBO 


V CE = 5 V. ! C *= 3 mA 


|y 2 i I V cc = 10 V , l 3 = 2 mA 
I 21 1 f = 1 MHz 


BW 


Z, V C q = 10 V, l 3 = 2 mA 
1 f = 1 KHz 


= 2 mA, f = 1 KHz 


CMR I l 3 = 2 mA, f = 1 KHz 


AGC h = 2 mA, f = 1 KHz 
Terminal No.3 Grounded 


9 I 11 I mmho 


MHz 
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ambient temperature. 
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Fig. 5(a) • Typical quiascant operating currant 
ratio vs quiascant bias currant. 
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■EMITTER VOLTS (Vgg) 


LINEAR INTEGRATED CIRCUITS 


CA 3050 , CA 3051 
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Fig. 10 - Typical gain-bandwidth product (fj) for 
•ach transistor vs emitter current. 



V££ -ADJUST FOR la* 2mA 
9tCS-*tS4ES 

Flg.l2(a) - Test circuit for Input impedance. 


50 - COLLECTOR SUPPLY VOLTS (V C c) * +*> 
6 * QUIESCENT BIAS CURRENT (I 3 )»2mA 
4 - AMBIENT TEMPERATURE- <T A ) - 25 *C 

I I I II I I I II I 



Switches Si and S? in position 1 in ohms 

for one differential amplifier, k 

position 2 for other differential 4 _ „„ 

amplifier. v cc*<ov 

Fig. 11(a) - Test circuit for forward transadmittance 
-3 dB bandwidth, and A GC range. 
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Fig. 12(b) - Typical input impedance vs frequency 
with output short-circuited. 
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Fig. 13(b) • Typical output impedance vs frequency 
with input short-circuited. 
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LINEAR INTEGRATED CIRCUITS 


CA3052 

Special-Function Sub-System 
Stereo Preamplifier 

FOUR INDEPENDENT 
AC AMPLIFIERS 

For Stereo Preamplifiers, 
Magnetic Pickups, 

Tape Heads, etc. 


The RCA CA3052 is a silicon monolithic integrated 
circuit designed specifically for stereo preamplifier 
service. The circuit consists of four independent AC 
amplifiers which can operate from a single-ended sup- 
ply. 

The CA3Q52 can operate as an equalizer amplifier 
in tape recorders, magnetic cartridge phonograph ap- 
plications, and tone control amplifiers. The CA3052 
can provide all of the amplification necessary for a 
full-function stereo preamplifier. 

The CA3052 is supplied in a 16-lead dual-in-line 
plastic package. 


APPLICATIONS 

a Full-function stereo preamplifiers 

• Tape recorder and playback preamplifiers 

• Tone Generators 


FEATURES 

a Four AC amplifiers on a common substrate 
o Independently accessible inputs and outputs 
e Operates from single-ended supply 
EACH AMPLIFIER 

e High voltage gain 53 dB min. 

e High input resistance 90 kH typ. 

e Undistorted output voltage 2 V rms min. 

e Output Impedance .... • Ikntyp. 

e Open-loop bandwidth . 300 kHx typ. 


RCA CA3048 Amplifier Array (File No.377) is schematically 
identical with the CA3052. Each amplifier of theXA3048 is 
tightly specified for equivalent output noise under a variety 
of test methods. The CA3052 is specified using RIAA test 
methods for equivalent input noise using one test method for 
amplifiers 1 and 4, and an appropriately different method for 
amplifiers 2 and 3. 




ABSOLUTE-MAXIMUM RATINGS at Ta - 26°C: 

DISSIPATION: 

Up to Ta - B5°C 750 mW 

Above Ta “ 55°C Derate linearly at 7.7 mW/°C 

TEMPERATURE RANGE: 

Operating — 40°C to +85°C 

Storage -65°C to +160°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) 

from case for 10 seconds max, . +266°C 

POWER SUPPLY VOLTAGE . +16V 

AC INPUT VOLTAGE 0.6 V rms 



• CONNECT TO APPROPRIATE TERMINAL TO READ VOLTAGE sacs - 1 5 AT 3 

Fig . 3>Tisf circuit for maasuramant of co//ocfor 
supply vo/fage and currants. 



DC SUPPLY VOLTS (V cc ) 

92SS-4I20 

Fig. 4 •Typical DC supply currant vs supply vo/tago. 
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NOTE : ALL RESISTOR VALUES ARE IN OHMS 


Fig. 2 - Schematic diagram for CA3052. 


AMBIENT TEMPERATURE (T*)— *C 

S2CS-IS49S 

Fig. 5 -Typical DC supply currant vs ambiant 
tamparatura. 
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CA3052 


MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 2 and horizontal terminal 4 is +2 to -3.6 volts. 


TERM- . 
INAL 1 
No. 


10 11 12 13 


+ 16 0 
0 -16 


LINEAR INTEGRATED CIRCUITS 


I COLLECTOR SUPPLY VOLTS <V CC ) 

I AMBIENT TEMPERATURE (T*) ■ 2S»C 


IPIIHIIHWII 



+2 +2 
-3.6 -3.6 


FREQUENCY (0-kH» 

s 

Fig. 9 •Typical opwi-Zoop gain vs fraquancy. 


10,000 100,000 
•2CS-IS468 


COLLECTOR SUPPLY VOLTS ■ + 12 
RMS OUTPUT VOLTS <E 0 > *2 
** 3 0P£R * TING FREQUENCY (f). IfcHi 











LINEAR INTEGRATED CIRCUITS 


CA3052 

ELECTRICAL CHARACTERISTICS at T A * 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

TEST 

CIR- 

CUIT 

LIMITS 

CA3052 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

ESI 

— 

TYP. 

MAX. 


FIG. 

| STATIC | 

Current drain per amplifier pair 

, 12' of , 15 

V C C = + 12 V 

3 

D 

13.5 

17.5 

mA 

4.5 

DC Voltage 
at Output Terminals 

VI. V 6 , 

V II. V 16 

V CC *+12V 

3 

6.1 

6.9 

8.1 

a 

- 

DC Voltage 

at Feedback Terminals 

PBBMj 

V CC *+12V 

b 

B 

m 

2.3 

B 

- 

DC Voltage 
at Input Terminals 

V,. V„. 

V 9. v 13 

V CC 3 + 12 V 

n 

B 

D 

2.8 

BB 

- 

| DYNAMIC each amplifier with no AC feedback unless otherwise noted-terminals 3, 7 , 10, & 14 bypassed to ground | 

Open-Loop Gain 

\>L 

V CC a+ 12V 

E|u =2 mV 
f -10 kHz 

6 

S3 

58 

- 

dB 

7.8 

Open-Loop 

Output Voltage Swing 

V 0 (rms) 

V C c “ + 12 V 
f = 1 kHz 

THD - 54b 

D 


B 

B 

n 

- 

Open-Loop -3dB Bandwidth 

BW 

V CC = +12V 

E IN = 2mV 

6 

- 

300 

B 

kHz 

9 

Open-Loop 

Total Harmonic Distortion 

THD 

V C c = +12V,f-lkHz 
Eo UT = 2V rms 

6 

- 

SU 

B 

H 


Input Resistance 

R, 

V CC = +12V * 1 = lkHz 

- 

- 

BB 

- 

kn 

1 

Input Capacitance 

c. 

v cc = +12V » f * 1MHz 

- 

- 

9 

- 

PF 

- 

Output Resistance 

R 0 

V CC *+12V, f = lkHz 

- 

- 

1 

- 

kQ 

- 

Feedback Capacitance 
(Output to non- 
inverting Input) 

C FB 

V CC - + 12 V 
f - 1MHz 

B 

■ 

<0.1 

■ 

PF 

- 

Equivalent Input 

Noise Voltage 
(Amplifiers 1 & 4), 

"CP Filter at Output* 

D 

V CC = +10V 

R s = SkQ 

A = 45 dB 

12 

■ 

B 

B 

MV 

- 

Equivalent Input 

Noise Voltage 
(Amplifiers 2 & 3) 

RIAA Compensated* 

m 

v cc = +iov 

R s - 5kfl 

A = 64dB (1 kHz) 

11 

■ 

■ 

15.0 

MV 

- 

• 

Inter-Amplifier Audio 

Separation “Cross Talk 1 ' 


V cc »+12V 
f - 1kHz 

OdB -0.78V 

13 

- 

<-45 


dB 

- 

Inter-Amplifier Capacitance 
(Any amplifier output to 
any other amplifier input) 

c 

V CC -+12V 
f - 1 MHz 

- 

- 

< 0.02 

- 

PF 

- 


♦Per IHF Standard Methods of Measurement for Audio Amplifiers IHF-A-201, 1966 
t ac feedback included in test circuit 



♦Resistors are low noise precision, (1%) Metal Film type. 
Resistor values are in ohms; capacitance values are 
in microfarads, unless otherwise specified. 

Fig. 12- Test circuit for measurement of equivalent 
input noise voltage of amplifiers 1 and 4. 



92CS-I547I 

♦V.T.VJd. - Hewlett-Packard Model 400D or equivalent. 

Procedure: 

1. Adjust Signal Generator for OdB output at reference terminal. 

2. Read voltage at other output terminals (Figure shows terminal #1 
used as reference). 

Fig. 13 -Test circuit for measurement of inter-amplifier 
audio separation “cross talk'* characteristic. 
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LINEAR INTEGRATED CIRCUITS 


CA3058, CA3059, CA3079 

Zero-Voltage Switches 

For 50/60 and 400 Hz Thyristor Control 
Applications 

The RCA-CA3058, CA3059, and CA3079 
zero-voltage switches are monolithic silicon 
integrated circuits designed to control a 
thyristor in a variety of AC power switching 
applications for AC input voltages of 24 V, 

120 V, 208/230 V, and 277 V at 50/60 and 
400 Hz. Each of the zero-voltage switches 
incorporates 4 functional blocks (see Fig. 1) 
as follows: 

1. Limiter-Power Supply— Permits operation 
directly from an AC line. 

2. Differentia! On/Off Sensing Amplifier- 
Tests the condition of external sensors or 
command signals. Hysteresis or propor- 
tional-control capability may easily be im- 
plemented in this section. 

3. Zero-Crossing Detector— Synchronizes the 
output pulses of the circuit at the time 
when the AC cycle is at zero voltage point; 
thereby eliminating radio-frequency inter- 
ference (RFI) when used with resistive 
loads. 

4. Triac Gating Circuit— Provides high-current 
pulses to the gate of the power controlling 
thyristor. 

In addition, the CA3058 and CA3059 pro- 
vide the following important auxiliary func- 
tions (see Fig. 1 ): 

1. A built-in protection circuit that may be 
actuated to remove drive from the triac if 
the sensor opens or shorts. 

2. Thyristor firing may be inhibited through 
the action of an internal diode gate con- 
nected to Terminal 1 . 

3. High-power dc comparator operation is 
provided by overriding the action of the 
zero-crossing detector. This is accomplished 
by connecting Terminal 12 to Terminal 7. 

Gate current to the thyristor is continuous 
when Terminal 13 is positive with respect 
to Terminal 9. 

For an explanation of these functions see 
Operating Considerations. For de- 

tailed application information, see companion 
Application Note, ICAN-6182, "Features and 
Applications of RCA Integrated-Circuit Zero- 
Voltage Switches (CA3058, CA3059, and 
CA3079)". 

TheCA3058 is supplied in a hermetic 14-lead 
dual-in-line ceramic package. Types CA3059 
and CA3079 are supplied in 14-iead dual-in- 
line plastic packages. 


Applications: 

■ Relay control ■ Heater control 

■ Valve control ■ Lamp control 

■ Synchronous switching of flashing lights 

■ On-off motor switching 

■ Differential comparator with self-contained 
power supply for industrial applications 

■ Photosensitive control 

■ Power one-shot control 



AC Input Voltage 
(50/60 or 400 Hz) 

V AC 

Input Series 
Resistor (R$) 

k a 

Dissipation Rating 
for Rs 

W 

24 

2 

0.5 

120 

10 

2 

208/230 

20 

4 

277 

25 

5 


NOTE: 

Circuitry, within shaded areas, not included in 
CA3079 

■ See chart 

A 1C = Internal Connection - - DO NOT USE 
(Terminal Restriction applies only 
to CA3079). 


Fig. 1— Functional block diagram of CA3058, CA3059, and CA3079. 


Features 

C A 3058 

CA3059 

CA3079 

■ 24V, 120V, 208/230V, 277V at 50 60, or 

400 Hz operation 

V 

V 

v/ 

■ Differential Input 

V 

s/ 

V 

■ Low Balance Input Current (max.) -pA 

1 

1 

2 

■ Built-in Protection Circuit for 

opened or shorted sensor (Term. 14) 

V 

v 


-a Sensor Range (Rx) - k£2 

2 to 100 

2 to 100 

2 to 50 

■ DC Mode (Term 12) 

v/ 

v' 


• External Trigger (Term. 6) 

V 

V 


■ External Inhibit (Term. 1 ) 

V 

V 


■ DC Supply Volts (max.) 

14 

14 

10 

■ Operating Temperature Range - °C 

—55 to +125 



MAXIMUM RATINGS, 

Absolute-Maximum Values at T/\ = 25°C 

DC SUPPLY VOLTAGE (BETWEEN TERMS. 2 
AND 7): 

CA3058, CA3059 14 V 

CA3079 10 V 

DC SUPPLY VOLTAGE (BETWEEN TERMS. 2 
AND 8): 

CA3058, CA3059 14 V 

CA3079 10 V 

PEAK SUPPLY CURRENT (TERMS. 5 AND 7) 

iSO mA 

OUTPUT PULSE CURRENT (TERM. 4) 

150 mA 

PULSE 10 k 


POWER DISSIPATION: 

Up to T a = 75°C - CA3058 700 mW 

Up to T a = 55°C - C A 305 9,C A3079 ... 700 mW 
Above T A =75°C - CA3058 

Derate Linearly 8 mW/°C 

Above T a =55°C - CA3059,CA3079 

. Derate linearly 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating —55 to +125°C 

Storage —66 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 
At a distance 1/16" ±1/32" (1.59 ±0.79 mm) 
from case for 10 seconds max +265°C 




Fig. 2(a)— DC supply voltage test circuit for 
CA3058, CA3059, and CA3079. 


Fig. 2(b)— DC supply voltage vs. ambient 

temperature for CA3058, CA3059 
and CA3079. 
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LINEAR INTEGRATED CIRCUITS 


CA3058, CA3059, CA3079 


MAXIMUM VOLTAGE RATINGS atT A = 25°C 


MAXIMUM 

CURRENT 

RATINGS 


TERM- 

INAL 

NO. 

1 

Note 

3 

2 

3 

4 

5 

Note 

1 

6 

Note 

3 

7 

8 

9 

10 

n 

12 

Note 

3 

13 

14 

Note 

2,3 

'IN 

mA 

'out 

mA 


■ 

B 

B 

m 


HI 

El 

B 

fl 

B 

B 

B 


* 

B 

EilIB 


■ 

■ 

■ 

■ 


H 

D 

B 


■ 

■ 

B 



■ft 

EH 

n 

■ 


SR 

EH 


■ 

EB 

EB 

B 

B 

El 

fl 


B 




■ 


m 

Ed 


-14 

-14 

-14 

-M 

-14 

M4 

B 


-14 ; 

■ 

bfl 

n 

■ 



■ 




fl 

m 

B 

B 

B 


* 

- 

* 


■ 



D3 




HI 

Hi 

B 

■ 







■ 



■ 




■ 

B 



H 


* 

B 

tm 


■ 







B 

fl 

B 

■ 

B 



■ 

m 

■ 

■ 



■ 

■ 

H 


D 

B 

B 

fl 

fl 


* i 

Bil 

B 

KPHIfl 

■ 




■ 

■ 


B 

B 

fl 

■ 

fl 



B 

■fl 

pp|| 

■ 



■ 

■ 



fl 


B 

B 

fl 


* 

fl 

H 


■ 




■ 



■ 


B 

B 




B 


— 

■ 



■ 

■ 


■ 

n 


B 

20 

2.5 

14 

6 

fl 

B 

Hi 

■ 



■ 



■ 

■ 


B 

■ 

na 

m 

-6 

B 


Hi 

■ 



■ 

■ 


■ 

fl 


1 

I 


B 

* 

mi 



■ 



■ 

■ 


■ 

■ 

m 

B 



B 


B 


B 

■ 



■ 

■ 


■ 

■ 

■ 

■ 




* 1 

■ 


O 

■ 



■ 

■ 


■ 

| 

■ 

■ 




* 

* 

* 

B 

1 



■ 

1 


■ 

■ 

■ 

■ 




* 

* 

* 

■31 

■ 



■ 

1 


■ 

■ 

■ 

■ 




fl 


1 

lIzraHB 

H 



H 

H 



H 


H 




■ 


H 


■ 



■ 

■ 


■ 

■ 

■ 

■ 




■ 

B 

■ 


i 



i 


| 

i 

B 

i 

B 




■ 

B 







41 









H 




This chart gives the range of voltages which can be applied to the terminals listed horizontally 
with respect to the terminals listed vertically. For example, the voltage range of horizontal 
Terminal 6 to vertical Terminal 4 is 2 to —10 volts. 

Note 1 — Resistance should be inserted between Terminal 5 and external supply or line volt- 
age for limiting current into Terminal 5 to less than 50 mA. 

Note 2 — Resistance should be inserted between Terminal 14 and external supply for limiting 
current into Terminal 14 to less than 2 mA. 

Note 3 — For the CA3079 indicated terminal is internally connected and, therefore, should 
not be used. 

A For CA3079 (0 to -10 V). 

•Voltages are not normally applied between these terminals; however, voltages appearing 
between these terminals are safe, if the specified voltage limits between all other terminals 
are not exceeded. 



*10- INTERNAL CONNECTION DO NOT USE {TERMINAL 
RESTRICTION APPLIES ONLY TO CA3079) 


Fig. 4— Schematic diagram of CA3058, CA3059, and CA3079. 



Fig. 2(c)— DC supply voltage vs. externa / load 
—current for CA3058, CA3059, and 
CA3079. 
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GATE TRIGGER VOLTS (V GT ) 

92SS-42S8 

Fig. 3— Gate trigger current vs. gate trigger 

voltage for CA3058 , CA3059, and CA3079. 



Fig. 5(a)-Peak output (pulsed) and gate trigger 
current with internal power supply 
test circuit for CA3058, CA3059, 
and CA3079. 



Fig. 5(b)— Peak output current (pulsed) vs. 

ambient temperature for CA3058, 
CA3059, and CA3079. 
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LINEAR INTEGRATED CIRCUITS 


CA3058, CA3059, CA3079 


ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise) 
All voltages are measured with respect to Terminal 7. 


CHARACTERISTIC 


TEST CONDITIONS 
T A -25°C 

(Unless Indicated Otherwise) 


For Operating at 120 V rms, 50-60 Hz (AC Line Voltage ) # 


DC Supply Voltage, Vg I 

Inhibit Mode 
At 50/60 Hz 


At 400 Hz 


At 50/60 Hz 


Pulse Mode 
At 50/60 Hz 


At 400 Hz 


At 50/60 Hz 


At 50/60 Hz (CA3058) 
See Fig. 2 


Gate Trigger Current, l G y^) 
See Figs. 3 > 5 fa) 


Peak Output Current (Pulsed), 
With Internal Power Supply 


With External Power Supply 
See Figs. 5 , 6 


Inhibit Input Ratio, VgA/2 
All Types 


CA3058 
See Fig. 7 


Total Gate Pulse Duration:* 
For positive dv/dt, tp 
50-60 Hz 
400 Hz 


For negative dv/dt, tjyj 
50-60 Hz 


400 Hz 
See Fig. 8 


Pulse Duration After Zero 
Crossing (50-60 Hz): 

For positive dv/dt, tp-j 


For negative dv/dt, t^ 
See Fig. 8 


Output Leakage Current, I4 
Inhibit Mode: 

All Types 


CA3058 
See Fig. 9 


Input Bias Current, l| 
CA3058, CA3059 


CA3079 
See Fig. 10 


R s = 8kft, l L = 0 


= lOktt, I 


LIMITS 

Min. I Typ. I Max. 


6.1 6.5 


6.8 


UNITS 



Rg * 8 k!2, l|_ ■ 0 
T a = -55 to +125°C 


Terms. 3 and 2 connected, 

Vqj = 1 v 


Term. 3 open. Gate Trigger 
Voltage (V GT ) = 0 


Terms. 3 and 2 connected. 
Gate Trigger Voltage (V G y)=0 


Term. 3 open, V + =12 V, V GT =0 


Terms. 3 and 2 connected, 
V + =12 V, V GT = 0 


Voltage Ratio of Term. 9 to 2 


T a = —55 to +125°C 


C EXT * 0 


CexT^O^EXT ^ 00 


C EXT = 0 


C EXT = 0 ' R EXT = °° 


C EXT = 0 

r ext ~ 00 


0.465 0.485 0.520 


0.450 - 0.520 


70 100 140 /is 


12 


70 100 140 ms 


10 



T a = -55 to +125°C 




0.001 10 mA 


20 mA 


220 1000 nA 


220 2000 nA 


1(10) [ l I k OSCILLOSCOPE 

/fif ] >1 0 WITH 

f % ]% HIGH-GAIN 

I V 1 * INPUT 

ALL RESISTANCE (T\ L^J , h— 

VALUES ARE 

“““ ^GT 

Fig. 6(a)— Peak output current (pulsed) with 

external power supply test circuit for 
CA3058 and CA3059. 


120 V RMS, 50/60-Hi OPERATION 
AMBIENT TEMPERATURE (T A > . 25° C 
CATE TRIGGER VOLTAGE (V CT ) ■ 0 V 










EXTERNAL POWER SUPPLY VOLTS (V + ) 

S2SS-42 

Fig. 6(b)— Peak output current (pulsed) vs. 
external power supply voltage 
for CA3058 and CA3059. 



120 V RMS. 30/60-Hz OPERATION 
GATE TRIGGER VOLTS (Vgt>*0 
——TERMINALS 2 AND 3 CONNECTED 
—TERMINAL 3 OPEN 


-50 -20 10 40 70 100 130 

AMBIENT TEMPERATURE (T A ) — *C 

92CM-I8064 

Fig. 6(c)-Peak output current (pulsed) vs. 

ambient temperature for CA30S8 
and CA3059. 
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LINEAR INTEGRATED CIRCUITS 


CA3058, CA3059, CA3079 


ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise) (Cont'd) 
All voltages are measured with respect to Terminal 7. 


CHARACTERISTIC 

TEST CONDITIONS 
T A «25°C 

(Unless Indicated Otherwise) 

LIMITS 

UNITS 

Min. Typ. 

Max. 

For Operating at 120 V rms, 50-60 Hz (AC Line Voltage) 0 

Common-Mode Input 

Voltage Range, V CMR 

Terms. 9 and 13 connected 

— 

1.5 to 5 

— 

V 

Sensitivity, 

(Pulse Mode) 

See Figs. 5(a), 12 

Term. 12 open 

- 

6 

- 

mV 


^Required voltage change at Term. 13 to either turn OFF the triac when ON or turn ON the triac when OFF. 
* Pulse duration in 50 Hz applications is approximately 15% longer than shown in Fig. 8(b). 

*The values given in the Electrical Characteristics Chart at 1 20 V also apply for operation at input voltages 
of 24 V, 208/230 V, and 277 V, except for Pulse Duration. However, the series resistor (Rg) must have 
the indicated value, shown in the chart in Fig. 1 , for the specified input voltage. 



Fig. 7(a)— Input inhibit voltage ratio test 

circuit for CA3058, CA3059, and 
CA3Q79. 



92CS-I*0«7 

Fig. 7(b)— Input inhibit voltage ratio vs. ambient 
temperature for CA3058, CA3059, 
and CA3079. 



Fig. 8(a)— Gate pulse duration test circuit with 
associated waveform for CA3058, 
CA3059, and CA3079. 



Fig. 8(b)— Total gate pulse duration vs. external 
capacitance for CA3058, CA3059, 
and CA3079. 



EXTERNAL CAPACITANCE (qEXT))- w* 

S 2$$-«281 

Fig. 8(c)— Pulse duration after zero crossing vs. 
external capacitance for CA3058, 
CA3059s and CA3079. 



Fig. 8(d)-Total gate pulse duration vs. external 
resistance for CA3058 and CA3059. 



92CS-I80S3 


Fig. 9— Output leakage current (inhibit mode) vs. 

ambient temperature for CA3058, C A 3059, 
and CA3079. 
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LINEAR INTEGRATED CIRCUITS 


CA3058, CA3059, CA3079 


V + « 4 V 



Fig. 10— input bias current test circuit for CA3058, 
CA3059, and CA3079. 



AMBIENT TEMPERATURE <T A )-*C 

92CS-IB072 

Fig. 1 2— Sensitivity vs. ambient temperature 
for CA3058, CA3059, and CA3079. 
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Fig. 13— Operating regions for built-in protection 
— circuit for CA3058 and CA3059. 



fa) 





(c) id) 

Fig. 1 1— Relative pulse width and location of zero crossing for 220-volt operation for CA3058, C A 3059, 
and CA3079. 


OPERATING CONSIDERATIONS 


Power Supply Considerations for CA3058, 
CA3059, and CA3079 

The CA3058, CA3059, and CA3079 are in- 
tended for operation as self-powered circuits 
with the power supplied from an AC line 
through a dropping resistor. The internal 
supply is designed to allow for some current 
to be drawn by the auxiliary power circuits. 
Typical power supply characteristics are given 
in Figs. 3(b) and 3(c). 

Power Supply Considerations for CA3058 
and CA3059 

The output current available from the internal 
supply may not be adequate for higher power 
applications. In such applications an external 
power supply with a higher voltage should be 
used with a resulting increase in the output 
level. (See Fig. 5 for the peak output current 
characteristics). When an external power 
supply is used, Terminal 5 should be con- 
nected to Terminal 7 and the synchronizing 
voltage applied to Terminal 12 as illustrated 
in Fig. 5(a). 

Operation of Built-in Protection for the 
CA3058, CA3059 

A special feature of the CA3058 and CA3059 
is the inclusion of a protection circuit which, 
when connected, removes power from the 
load if the sensor either shorts or opens. The 
protection circuit is activated by connecting 
Terminal 14 to Terminal 13 as shown in 
Fig. 1 . To assure proper operation of the pro- 
tection circuit the following conditions 
should be observed: 

1. Use the internal supply and limit the ex- 
ternal load current to 2 mA with a 5 k£7 
dropping resistor. 


2. Set the value of Rp and sensor resistance 
(Ry) between 2 k£2 and 100 k!2. 

3. The ratio of Rx to Rp, typically, should 
be greater than 0.33 and less than 3. If 
either of these ratios is not met with an 
unmodified sensor over the entire antici- 
pated temperature range, then either a 
series or shunt resistor must be added to 
avoid undesired activation of the circuit. 

If operation of the protection circuit is de- 
sired under conditions other than those 
specified above, then apply the data given 
in Fig. 13. 

External Inhibit Function for the CA3058 
and CA3059 

A priority inhibit command may be applied 
to Terminal 1 . The presence of at least +1 .2 V 
at 10 juA will remove drive from the thyristor. 
This required level is compatible with DTL 
or T^L logic. A logical 1 activates the inhibit 
function. 

DC Gate Current Mode for the CA3058 
and CA3059 

Connecting Terminals 7 and 12 disables the 
zero-crossing detector and permits the flow 
of gate current -on demand from the differ- 
ential sensing amplifier. This mode of opera- 
tion is useful when comparator operation is 
desired or when inductive loads are switched. 
Care must be exercised to avoid overloading 
the internal power supply when operating 
in this mode. A sensitive gate thyristor 
should be used with a resistor placed between 
Terminal 4 and the gate in order to limit the 
gate current. 
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LINEAR INTEGRATED CIRCUITS 


CA3060, CA3060A Types 


Operational Transconductance 
Amplifier Arrays 


APPLICATIONS 

■ For low power conventional operational amplifier 
applications 


■ Active filters 

■ Comparators 

■ Gyrators 

■ Mixers 

■ Modulators 


s Multiplexers 

■ Multipliers 

■ Strobing and gating functions 

■ Sample and hold functions 


Generic applications of the OTA are described in ICAN- 
6668, Applications of the CA3080 and CA3080A High- 
Performance Operational Transconductance Amplifiers. 

The CA3060AD, CA30608D, and CA3060D are supplied in 
a hermetic 16-lead dual-in-line ceramic package which can be 
operated over the full military temperature range, -55°C to 
+125°C. The CA3060E is supplied in a 16-lead dual-in-line 
plastic package and is operational from -40°C to +85°C. 


REGULATOR OUT J7- 
REGULATOR IN [T- 
V + [T 
INV, INPUT NO. 3 jT- 
NON-INV INPUT No 3 Q[ 
BIAS No. 3 [7- 
OUTPUT No. 3 (7 ■ 
V- (7 



OUTPUT No. I 
BIAS No. I 

NON -INV. INPUT No. I 
INV. INPUT No. I 
INV. INPUT No. 2 
NON- INV. INPUT No. 2 
BIAS No. 2 
OUTPUT No. 2 


TOP VIEW 


mt-4IO«R2 


Fig. 1- Functional block diagram for each type in the 
CA3060 family. 


FEATURES 

s Low power consumption — as low as 100 juW per amplifier 

■ Independent biasing for each amplifier 

■ High forward transconductance 

■ Programmable range of input characteristics 
a Low input bias and input offset current 
a High input and output impedance 

■ No effect on device under output short-circuit conditions 

■ Zener diode bias regulator 

RCA-CA3060AD, CA3060BD, CA3060D, and CA3060E, 
monolithic integrated circuits, are arrays of three independ- 
ent Operational Transconductance Amplifiers. This type of 
amplifier is a new circuit concept that has the generic 
characteristics of an operational voltage amplifier with the 
exception that the forward gain characteristic is best 
described by transconductance rather than voltage gain 
(open-loop voltage gain is the product of the transcon- 
ductance and the load resistance, g m R L ) . When operated into a 
suitable load resistor and with provisions for feedback, these 
amplifiers are well suited for a wide variety of operational- 
amplifier and related applications. In addition, the extremely 
high output impedance makes these types particularly well 
suited for service in active filters. 

The three amplifiers in the CA3060 family are identical 
push-pull Class A types which can be independently biased to 
achieve a wide range of characteristics for specific applica- 
tions. The electrical characteristics of each amplifier are a 
function of the amplifier bias current UabC^- This f eature 
offers the system designer maximum flexibility with regard 
to output current capability, power consumption, slew rate, 
input resistance, input bias current, and input offset current. 
The linear variation of the parameters with respect to bias 
and the ability to maintain a constant dc level between input 
and output of each amplifier also makes the CA3060 suitable 
for a variety of non-linear applications such as mixers, 
multipliers, and modulators. 

In addition; the types in the CA3060 family incorporate a 
unique Zener diode regulator system that permits current 
regulation below supply voltages normally associated with 
such systems. 


MAXIMUM RATINGS, Absolute Maximum Values at T A - 25°C 


DC Supply Voltage (between V + and V' terminals): 

CA306CAD, CA3060BD, CA3060E 36V (±18V) 

CA3060D 14 V (±7V) 

Differential Input Voltage (each amplifier): 

CA3060AD, CA3060BD, CA3060E +SV 

CA3060D +5V 

DC Input Voltage V + to V~ 

Input Signal Current (each amplifier of each type): ±1 mA 

Amplifier Bias Current (each amplifier of each type) 2 mA 

Bias Regulator Input Current -5 mA 

Output Short-Circuit Duration* No limitation 


‘Short circuit may be applied to ground or to either supply. 


Device Dissipation: 

Total Package of each type up to T^ = 75°C 490 mW 

Above T a = 75°C Derate linearly 6.67 mW/°C 

Temperature Range: 

Operating - 

CA3060AD, CA3060BD, CA3060D -55 to +125<>C 

CA3060E 40 to +85°C 

Storage — 

CA3060AD, CA3060BD, CA3060D, 

CA3060E -65 to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 in. (1.59 ±0.79 mm) 

from case for 10s max +300°C 


ZENER BIAS REGULATOR 



O NON-INVERTING INPUT OF AMPLIFIERS 1, 2, AND 3 IS 
TERMINAL Nos. 14, 11, AND 5, RESPECTIVELY 
* OUTPUT OF AMPLIFIERS 1, 2, AND 3 IS ON TERMINAL Nos. 16,9, 
AND 7, RESPECTIVELY 

O AMPLIFIER BIAS CURRENT OF AMPLIFIERS 1. 2, AND 3 IS ON 
TERMINAL Nos. 15, 10, AND 6, RESPECTIVELY 

92CS- I5860RI 

Fig.2— Simplified schematic diagram showing bias regulator and 
one operational transconductance amplifier for 
each type of the CA3060 family. 


Fig. 3- Input offset voltage vs. amplifier bias current. 



Fig.4— Input offset current vs. amplifier bias current 




Fig.Sa— Input bias current vs. amplifier Fig.Sb Input bias current vs. ambiapt 

bias current temperature. 
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LINEAR INTEGRATED CIRCUITS 


CA3060, CA3060A Types 


ELECTRICAL CHARACTERISTICS (CA3060D) 

For each amplifier at T/v = 25<>C, V + = 6 V, V* = -6 V 


CHARACTERISTIC 

SYMBOL 

TYPICAL 

CHARACTER- 

ISTICS 

CURVES 

Fig. 

LIMITS 

UNITS 

Amplifier Bias Current 

'ABC " 1 MA 

‘ABC "1°MA 

‘ABC " 1Q 0 MA 

min.|typ. 1 MAX. 

MIN. | TYP. [MAX. 

MIN. ] TYP. | MAX. 

| STATIC CHARACTERISTICS 1 

Input Offset Voltage 

V 10 

3 

- 

1 

5 

- 

1 

5 

- 

1 

5 

mV 

Input Offset Current 

Mo 

4 

- 

3 

14 

- 

30 

100 

- 

250 

1000 

nA 

Input Bias Current 

Mb 

5a, b 

- 

33 

70 

- 

300 

550 

- 

2500 

5000 

nA 

Peak Output Current 

•om 

6a, b 

1.3 

2.3 

- 

15 

26 

- 

150 

240 

- 

MA 

Peak Output Voltage : 
Positive 

V OM+ 


4.6 

5 

_ 

4.5 

4.8 

_ 

4.5 

4.7 

_ 

V 

Negative 

v OM‘ 

7 

5.8 

5.95 

- 

5.8 

5.95 

- 

5.7 

5.9 

- 

Amplifier Supply 

Current (each amplifier) 

•a 

8a, b 

_ 

8.5 

14 

_ 

85 

120 

_ 

850 

1200 

MA 

Power Consumption 
(each amplifier) 

P 



0 10 

0.17 


1 

1.45 


10 

14.5 

mW 

Input Offset-Voltage 
Sensitivity": 

Positive 

Av lo /Av + 



1.5 

120 


2 

120 


2 

120 

MV/V 

Negative 

AViq/AV 


- 

20 

120 

- 

20 

120 

- 

30 

120 

Amplifier Bias Voltage* 

V ABC 

9 

- 

054 

- 

. - 

0.60 

- 

~ 

0.66 


V 

| DYNAMIC CHARACTERISTICS (at 1 kHz unless specified otherwise) 

~ ! 

Forward Transconductance 
(large signal) 

921 

10a. b 

0.3 

1.55 

_ 

3 

18 

_ 

30 

102 

_ 

mmho 

Common-Mode Rejection 

Ratio 

CMRR 


70 

110 

“ 

70 

110 


70 

90 


dB 

Common-Mode Input- 
Voltage Range 

V|CR 


4.4 to -5.1 min. 

4.7 to -5.3 typ. 

4.3 to -5 min. 

4.6 to -5.2 typ. 

4.3 to -5 min. 

4.6 to -5 2 typ. 

V 

Slew Rate (Test ckt., 

Fig- 13 

SR 



0.1 


_ 

1 

_ 

. 

8 

_ 

V//us 

Open-Loop (g2i) 

Bandwidth 

BWql 

11 


20 

_ 

_ 

45 

_ 

_ 

110 

_ 

kHz 

Input Impedance 
Components: 

Resistance 

R l 

12 

800 

1600 


90 

170 


10 

20 


kft 

Capacitance at 1 MHz 

Cl 

- 

- 

2.7 


- 

2.7 

- 

- 

2.7 

- 

pF 

Output Impedance 
Components: 

Resistance 

R o 

14 


200 



20 



2 


Mft 

Capacitance at 1 MHz 

Co 

- 

- 

4.5 

- 

- 

4.5 

- 

- 

4.5 

- 

pF 

| ZENER BIAS REGULATOR CHARACTERISTICS (at T A = 25°C, 12 = 0.1 mA) j 

Voltage 

Vz 

15 

Temp. Coeff. = 3 mV/°C 

MIN. 

TYP. 

MAX. 


6.2 

6.7 

7.9 

V 

Impedance 

Zz 

- 



200 



300 

ft 


* Temperature-Coefficient; -2.2 mV/°C (at V AB c = 0.54 V, IabC = 
1 flA: -2.1 mV/QC (at V ABC = 0.060 V. I ABC = 10 pA); -1.9 
mV/°C (at V ABC = 0.66 V. I ABC = 100 pA) 

■ Conditions for Input Offset Voltage and Supply Sensitivity : 

(a) Bias current derived from the regulator with an appropriate 
resistor connected from terminal No. 1 to the bias terminal on 
the amplifier under test — 


V + is reduced to 5 volts for V + sensitivity 
V' is reduced to -5 volts for V‘ sensitivity 
/,-!»/+ ,.w/w Vof f set • Voff set for +5 V and -6 V supplies 

(b) V* sensitivity in JLlV/V = 

1 volt 

.... ....... Voffset - Voffset for -5 V and +6 V supplies 

V' sensitivity in UV/V = — — — 

1 volt 



92CS- 19615 

Fig.6a—Peak output current vs. ampli- 
fier bias current. 
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Fig. 6b— Peak output current vs. ambient 
temperature. 
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Fig. 7— Peak output voltage vs. amplifier 
bias current. 



Fig. 8a— Amplifier supply current (each 
amplifier) vs. amplifier bias cur- 
rent. 
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Fig. 9— Amplifier bias voltage vs. ampli- 
fier bias current. 
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LINEAR INTEGRATED CIRCUITS 


CA3060, CA3060A Types 


ELECTRICAL CHARACTERISTICS (CA3060AD, CA3060BD, CA3060E) 
For each amplifier at Ta = 25®C, V + = 15 V, V' = -15 V 


CHARACTERISTIC 

SYMBOL 

TYPICAL 

CHARACTER- 

ISTICS 

CURVE 

Fig. 

LIMITS 


Amplifier Bias Current 


‘ABC * 1 MA 

•ABC - 10 PA 

•ABC ■ 100 ^A 


MIN. | TYP. | MAX. 

MIN. | TYP. (MAX. 

MIN. [TYP. ( MAX 


CA3060BD 

CA3060AD 

CA3060BD 

CA3060E 

UNITS 

1 STATIC CHARACTERISTICS | 

Input Offset Voltage 

V|0 

3 

- 

1 

5 

- 

1 

5 

- 

1 

5 

mV 

Input Offset Current 

*10 

4 

- 

3 

14 

- 

30 

100 

- 

250 

1000 

nA 

Input Bias Current 

'IB 

5a ,b 

- 

33 

70 

- 

300 

550 

- 

2500 

5000 

nA 

Peak Output Current 

•OM 

6a, b 

1.3 

2.3 


15 

26 

- 

150 

240 

- 

MA 

Peak Output Voltage: 
Positive 

VOM+ 

7 

12 

13.6 

_ 

12 

13.6 

_ 

12 

13.6 

_ 

V 

Negative 

v OM- 

12 

14.7 

- 

12 

14.7 

- 

12 

14.7 

- 

Amplifier Supply 

Current (each amplifier) 

'A 

8a ,b 

_ 

8.5 

14 

_ 

85 

120 

_ 

850 

1200 

MA 

Power Consumption 
(each amplifier) 

P 

. 

. 

0.26 

0.42 


2.6 

3.6 

_ 

26 

36 

mW 

Input Offset-Voltage 
Sensitivity* '• 

Positive 

Av,o / Av + 



1.5 

150 


2 

150 


2 

150 

/iV/V 

Negative 

AV| 0 /AV 

- 

20 

150 

- 

20 

150 

- 

30 

150 

Amplifier Bias Voltage* 

V ABC 

9 

- 

0 54 

- 

- 

0 60 

- 

- 

0.66 

- 

V 

| DYNAMIC CHARACTERISTICS (at 1 kHz unless specified otherwise) ] 

Forward Transconductance 
(large signal) 

921 

10a. b 

0.3 

1.55 

_ 

3 

— 

18 

- 

30 

102 

- 

mmho 

Common-Mode Rejection 
Ratio 

CMRR 


70 

110 


70 

110 

_ 

70 

90 

_ 

dB 

Common-Mode Input 
Voltage Range 

V ICR 


+ 12 to -12 mm. 

+ 1 3 to -14 typ. 

+ 12 to -12 min. 

+ 13 to -14 typ. 

+ 12 to -12 min. 

+ 13 to -14 typ. 

V 

Slew Rate (Test ckt.. 

Fig. 13) 

SR 


' 

0.1 

_ 

- 

1 

_ 

_ 

8 

_ 

Mips 

Open-Loop ( 93 1 > 

Bandwidth 

BWql 

1 1 

_ 

20 

— 


45 

_ 

_ 

110 

_ 

kHz 

Input Impedance 
Components: 

Resistance 

R| 

12 

800 

1600 


90 

170 


10 

20 


k!2 

Capacitance at 1 MHz 

C| 

- 

- 

2.7 

- 

- 

2.7 

- 

- 

2.7 

- 

PF 

Output Impedance 
Components: 

Resistance 

R o 

14 


200 



20 



2 


Mft 

Capacitanceat 1 MHz 

Co 

- 

- 

4.5 

- 

- 

4.5 

- 

- 

4.5 

- 

pF 

ZENER BIAS REGULATOR CHARACTERISTICS (atT A =250C. I 2 = 0.1 mA) | 

Voltage 

Vz 

15 

Temp. Coeff. = 3 


MIN. 

TYP. 

MAX. 


mV/°C 

62 

6.7 

7.9 

V 

Impedance 

Zz 

- 

.. 


200 

300 

n 


* Temperature-Coefficient; -2.2 mV/°C fat V AB c = 0.54 V, IabC = 
1 pA; -2.1 mV/°C (at V ABC = 0.060 V, l ABC = 10 pA); -19 
mV/°C (at V ABC = 0.66 V. I ABC = 100 ^A) 

* Conditions for Input Offset Voltage and Supply Sensitivity: 

(a) Bias current derived from the regulator with an appropriate 
resistor connected from terminal No. 1 to the bias terminal on 
the amplifier under test — 


+ is reduced to 13 volts for V + sensitivity 
' is reduced to -13 volts for V - sensitivity 

Voffset - Voffset for +13 V and -15 V supp lies 
1 volt 


(b) V + sensitivity in pV/ V - 


V- sensitivity in pV/V = Vgl^t Voffset for -13 V an d +15 V sup plies 
1 volt 



Fig. 10a— Forward transconductance vs. 
amplifier bias current. 
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Fig. 10b- Forward transconductance vs. 
ambient temperature. 



Fig. 11 — Forward transconductance vs. 
frequency. 



Fig. 12-Input resistance vs. amplifier bias 
current 



is measured between terminals 1 and 8. 
Vabc is meas ured between terminals 15 and 8. 


Rz ,l(V >(V-)-0 : 71 r V2- Va .B C 

h 'abc 

Supply Voltage: for both ±6 V and ±1 5 V. 


TYPICAL SLEW RATE TEST CIRCUIT PARAMETERS 

'ABC 

SLEW 

RATE 

'2 

r abc 

«s 

Rf 

Rb 

Rc 

Cc 

19 


19 


ohms 

K9 

EH 

8 

200 

I^QH 

100k 

100k 

51k 

100 

0.02 

EX 

1 


620k 


£Q| 


n 

BRgll 

Cl 

cm 

±_ 


ESI 

B3I 

HQ 

00 

° 


Fig. 13— Slew rate test circuit for amplifier No. I of CA3060. 
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LINEAR INTEGRATED CIRCUITS 


CA3060, CA3060A Types 



Fig. 14- Output resistance vs. amplifier bias current. 



BIAS REGULATOR CURRENT (I^I/iA 


Fig. 15- Bias regulator voltage vs. bias regulator current. 



921 = a OI_/ r L 
= 100/18 kfl 
= 5.5 mmho 

(Rj_ = 20 kH in parallel with 200 kfi 
a 18 kft) 

2. Selection of suitable amplifier bias current. 

The amplifier bias current is selected from the minimum 
value curve of transconductance (Fig. 10a) to assure that 
the amplifier will provide sufficient gain. For the required 
g2i of 5.5 mmho an amplifier bias current I abc °* 3 0 pA 
is suitable. 

3. Determination of Output Swing Capability. 

For a loop gain of 10 the output swing is ±0.5 V and the 
peak load current 25 pA. However, the amplifier must 
also supply the necessary current through the feedback 
resistor and for Rg = 20 kft than Rp = 200 k£2 if Aql = 
10. Therefore, the feedback loading = 0.5/200 k£2 = 2.5 ju A. 

The total amplifier current output requirements are, 
therefore, ±27.5 juA. Referring to the data given in Fig. 6a 
we see that for an amplifier bias current of 20 pA the 
amplifier output current is ±40 pA. This is obviously 
adequate and it is not necessary to change the amplifier 
bias current IabC- 

4. Calculation of bias resistance. 

For minimum supply current drain the amplifier bias current 
I ABC sh °uld be fed directly from the supplies and not 
from the bias regulator. The value of the resistor RabC 
may be directly calculated using Ohm's law. 


r ABC 


V SUP V ABC 
‘ABC 


d - 12-0.63 
r ABC= 20x10-6 


= 568.5 kfi or s 560 k ft 


Fig. 16 - Complete schematic diagram showing one of the three operational transconductance amplifiers. 

OPERATING CONSIDERATIONS 


The CA3060 consists of three operational amplifiers similar 
in form and application to conventional operational ampli- 
fiers but sufficiently different from the standard operational 
amplifier (op-amp) to justify some explanation of their 
characteristics. The amplifiers incorporated in the CA3060 
are best described by the term Operational Transconductance 
Amplifier (OTA). The characteristics of an ideal OTA are 
similar to those of an ideal op-amp except that the OTA has 
an extremely high output impedance. Because of this 
inherent characteristic the output signal is best defined in 
terms of current which is proportional to the difference 
between the voltages of the two input terminals. Thus, the 
transfer characteristic is best described in terms of transcon- 
ductance rather than voltage gain. Other than the difference 
given above, the characteristics tabulated on pages 3 and 4 of 
this data bulletin are similar to those of any typical op-amp. 

The OTA circuitry incorporated in the CA3060 (See Fig. 16) 
provides the equipment designer with a wider variety of 
circuit arrangements than does the standard op-amp; because 
as the curves in the data bulletin indicate, the user may select 
the optimum circuit conditions for a specific application 
simply by varying the bias conditions of each amplifier. If 
low power consumption, low bias, and low offset current, or 
high input impedance are primary design requirements, then 
low current operating conditions may be selected. On the 
other hand, if operation into a moderate load impedance is 
the primary consideration, then higher levels of bias may be 
used. 


Bias Considerations for Op-Amp Applications 
The operational transconductance amplifiers allow the circuit 
designer to select and control the operating conditions of the 
circuit merely by the adjustment of the input bias current 
I Abc- This enables the designer to have complete control 
over transconductance, peak output current and total power 
consumption independent of supply voltage. 


In addition, the high output impedance makes these 
amplifiers ideal for applications where current summing is 
involved. 

The design of atypical operational amplifier circuit (See Fig. 
17) would proceed as follows: 



Fig. 1 7-20-dB amplifier using the CA3060. 

Circuit Requirements 

Closed loop voltage gain = 10 (20 dB) 

Offset voltage adjustable to zero 
Current drain as low as possible 
Supply voltage = ±6 V 
Maximum input voltage = ±50 mV 
Input resistance = 20 kft 
Load resistance = 20 kft 
Device: CA3060 
Calculation 

1 . Required transconductance g2l . 

Assume that the open loop gain Aql must be at ,east ten 
times the closed loop gain. Therefore, the forward 
transconductance required is given by 


5. Calculation of offset adjustment circuit. 

In order to reduce the loading effect of the offset 
adjustment circuit on the power supply, the offset control 
should be arranged to provide the necessary offset 
current. The source resistance of the non-inverting input is 
made equal to the source resistance of the inverting input. 

20 x 200 x 10® ohms 4 „ . „ 

i.e. =£18 kft 

220 x 10 3 


Because the maximum offset voltage is 5 mV and an 
additional increment due to the offset current (Fig. 4) 
flowing through the source resistance 

(i.e. 200 x 10' 9 x 18 x 10 3 volts ^therefore, 
the Offset Voltage Range = 5 mV + 3.6 mV = ±8.6 mV 
The current necessary to provide this offset is 


8.6 x 10' 3 
18 x 1 0 3 


or 0.48 pA 


With a supply voltage of ±6 V, this current can be provided 
by a 10 Mft resistor. However, the stability of such a resistor 
is often questionable and a more realistic value of 2.2 Mft 
was used in the final circuit. 


OTHER CONSIDERATIONS 


Capacitance Effects 

The CA3060 is designed to operate at such low power levels 
that high impedance circuits must be employed. In designing 
such circuits, particularly feedback amplifiers, stray circuit 
capacitance must always be considered because of its adverse 
effect on frequency response and stability. For example a 
10-kft load with a stray capacitance of 15 pF has a time 
constant of 1 MHz. Fig. 18 illustrates how a 10-kft 15-pF 
load modifies the frequency characteristic. 
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CA3060, CA3060A Types 



FREQUENCY (f ) — MHz 

92CS-i58fl4Ri 

Fig. 18-Effect of capacitive loading on frequency response. 


Capacitive loading also has an effect on slew rate; because the 
peak output current is established by the amplifier bias 
current, l/\BC ( see Fi 9- 6a), the maximum slew rate is limited 
to the maximum rate at which the capacitance can be 
charged by the Iqm- Therefore, 

SR = dV/dt = Iom^L 

where C|_ is the total load capacitance including strays. This 
relationship is shown graphically in Fig. 19. When measuring 
slew rate for this data bulletin, care was taken to keep the 
total capacitive loading to 13 pF. 

Phase Compensation 

In many applications phase compensation will not be 
required for the amplifiers of the CA3060. When needed, 
compensation may easily be accomplished by a simple RC 
network at the input of the amplifier as shown in Fig. 13. 
The values given in Fig. 13 provide stable operation for the 
critical unity gain condition, assuming that capacitive loading 
on the output is 13 pF or less. Input phase compensation is 
recommended in order to maintain the highest possible slew 
rate. 

In applications such as integrators, two OTAs may be 
cascaded to improve current gain. Compensation is best 
accomplished in this case with a shunt capacitor at the 
output of the first amplifier. The high gain following 
compensation assures a high slew rate. 

APPLICATIONS 

Having determined the operating points of the CA3Q60 
amplifiers, they can now function in the same manner as 
conventional op-amps, and thus, are well suited for most 
op-amp applications, including inverting and non-inverting 
amplifiers, integrators, differentiators, summing amplifiers 
etc. 

TRI LEVEL COMPARATOR 

Tri-level comparator circuits are an ideal application for the 
CA3060 since it contains the requisite three amplifiers. A 
tri-level comparator has three adjustable limits. If either the 
upper or lower limit is exceeded, the appropriate output is 
activated until the input signal returns to a selected 
intermediate limit. Tri-level comparators are particularly 
suited to many industrial control applications. 



Circuit Description 


Fig. 20 shows the block diagram of a tri-level comparator 
using the CA3060. Two of the three amplifiers are used to 
compare the input signal with the upper-limit and lower- 



Fig.20- Functional block diagram of a tri-level comparator. 

limit reference voltages. The third amplifier is used to 
compare the input signal with a selected value of inter- 
mediate-limit reference voltage. By appropriate selection or 
resistance ratios this intermediate-limit may be set to any 
voltage between the upper-limit and lower-limit values. The 
output of the upper-limit and lower-limit comparator sets the 
corresponding upper or lower-limit flip-flop. The activated 
flip-flop retains its state until the third comparator (inter- 
mediate-limit) in the CA3060 initiates a reset function, 
thereby indicating that the signal voltage has returned to the 
intermediate-limit selected. The flip-flops employ two 
CA3086 transistor-array IC's, with circuitry to provide 
separate "SET" and “POSITIVE OUTPUT" terminals. 

The circuit diagram of a tri-level comparator appears in Fig. 
21. Power is provided for the CA3060 via terminals 3 and 8 
by ±6-volt supplies and the built-in regulator provides 
amplifier-bias-current (IabC^ to t ^ ie t * iree amplifiers via 
terminal 1 . Lower-limit and upper-limit reference voltages are 
selected by appropriate adjustment of potentiometers R1 
and R2, respectively. When resistors R3 and R4 are equal in 
value (as shown), the intermediate-limit reference voltage is 
automatically established at a value midway between the 
lower-limit and upper-limit values. Appropriate variation of 
resistors R3 and R4 permits selection of other values of 
intermediate-limit voltages. Input signal (Eg) is applied to the 
three comparators via terminals 5, 12, and 14. The “SET" 
output lines trigger the appropriate flip-flop whenever the 
input signal reaches a limit value. When the input signal 
returns to an intermediate-value, the common flip-flop 
"RESET" line is energized. The loads in the circuits, shown 
in Fig. 21 are 5-V, 25-mA lamps. 


Active Filters — Using the CA3060 as a Gyrator 

The high output impedance of the OTAs makes the CA3060 
ideally suited for use as a gyrator in active filter applications. 
Fig. 22 shows two OTAs of the CA3060 connected as a 
gyrator in an active filter circuit. The OTAs in this circuit can 
make a 3-pF capacitor function as a floating 10-kilohenry 
inductor across Terminals A and B. The measured Q of 13 (at 
a frequency of 1 Hz) of this inductor compares favorably 
with a calculated Q of 16. The 20-kilohm to 2-megohm 
attenuators in this circuit extend the dynamic range of the 
OTA by a factor of 100. The 100-kilohm potentiometer, 
across V+ and V', tunes the inductor by varying the $21 0 f 
the OTAs, thereby changing the gyration resistance. 



Fig.22—Two operational transconductance amplifiers of the 
CA3060 connected as a gyrator in an active filter 
circuit. 


INPUT SIGNAL (E$) 

o 


LOWER LIMIT 

REFERENCE 

VOLTAGE 


NOTE 2- Es>Eu=Q|(ON),Q2 (OFF) 

E S < — — — -Q| (OFF) .Q2 (OFF) 
Es<El^ 0 2 (0N).Q,(0FF) 



SATURATES WHEN 
LOWER LIMIT IS 
EXCEEDED 


NOTE I : ITEMS IN SHADED AREAS ARE EXTERNAL 
TO THE CA3086 

RESISTANCE VALUES ARE IN OHMS 92CL - , 9622 


Fig. 21— Tri-level comparator circuit - 
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Fig.23-Three-channel multiplexer. 


TERMINAL 




output waveform with the multiplier adjusted. The voltage 
waveform in Fig. 27a shows suppressed carrier modulation of 
1-kHz carrier with a triangular wave. 



THREE CHANNEL MULTIPLEXER 

Fig. 23 shows a schematic of a three channel multiplexer 
using a single CA3060 and a 3N138 MOS/FET as a buffer 
and power amplifier. 

When the CA3060 is connected as a high input impedance 
voltage follower, and strobe "ON," each amplifier is 
activated and the output swings to the level of the input of 
that amplifier. The cascade arrangement of each CA3060 
amplifier with the MOS/FET provides an open loop voltage 
gain in excess of 100 dB, thus assuring excellent accuracy in 
the voltage follower mode with 100% feedback. 

Operation at ±6 volts is also possible with several minor 
changes. First, the resistance in series with amplifier bias 

current OabC^ terminal of each amplifier should be 
decreased to maintain 100 p A of strobe-''ON" current at 
this lower supply voltage. Second, the drain resistance for the 
MOS/FET should be decreased to maintain the same value of 
source current. The low cost dual-gate protected MOS/FET, 
RCA-40841, may be used when operating at the low supply 
voltage. 

The phase compensation network consists of a single 390H 
resistor and a 1000-pF capacitor, located at the interface of 
the CA3060 output and the MOS/FET gate. The bandwidth 
of the system is 1.5 MHz and the slew rate is 0.3 volts/psec. 
The system slew rate is directly proportional to the value of 
the phase compensation capacitor. Thus, with higher gain 
settings where lower values of phase compensation capacitors 
are possible, the slew rate is proportionally increased. 

NON LINEAR APPLICATIONS 
AM Modulator (Two-Quadrant Multiplier) 

Fig. 24 shows Amplifier No. 3 of the CA3060 used in an AM 
modulator or 2-quadrant multiplier circuit. When modulation 
is applied to the amplifier bias input, Terminal B, and the 
carrier frequency to the differential input. Terminal A, the 
waveform, shown in Fig. 24, is obtained. Fig. 24 is a result of 
adjusting the input offset control to balance the circuit so 
that no modulation can occur at the output without a carrier 
input. The linearity of the modulator is indicated by the 
solid trace of the superimposed modulating frequency. The 
maximum depth of modulation is determined by the ratio of 
the peak input modulating voltage to VT 
The two-quadrant multiplier characteristic of this modulator 
is easily seen if modulation and carrier are reversed as shown 
in Fig. 24. The polarity of the output must follow that of the 
differential input; therefore, the output is positive only 
during, the positive half cycle of the modulation and negative 
only in the second half cycle. Note, that both the input and 
output signals are referenced to ground. The output signal is 
zero when either the differential input or I^BC are zero - 


Fig.24-Two-quadrant multiplier circuit using the CA3060 
with associated waveforms. 


Four-Quadrant Multiplier 

The CA3060 is also useful as a four-quadrant multiplier. A 
block diagram of such a multiplier, utilizing Amplifier Nos. 
1, 2, and 3, is shown in Fig. 25 and a typical circuit is shown 
in Fig. 26. The multiplier consists of a single CA3060 and, as 
in the two-quadrant multiplier, exhibits no level shift 
between input and output. In Fig. 25, Amplifier No. 1 is 
connected as an inverting amplifier for the X-input signal. 
The output current of Amplifier No. 1 is calculated as 
follows; 

Iq( 1) = [V x ] (g 2 l(1)] (Eq.3) 

Ampl. No. 2 is a non-inverting amplifier so that 

l 0 <2) = [+V X 1 lg 2 1<2)] (Eq.4) 

Because the amplifier output impedances are high, the load 
current is the sum of the two output currents, for an output 
voltage 

V 0 = V x r L t921<2) - g 2 1<1>] <Eq.5) 

The transconductance is approximately proportional to the 
amplifier bias current; therefore, by varying the bias current 
the g2i is also controlled. Amplifier No. 2 bias current is 
proportional to the Y-input signal and is expressed as 
(V-) + V Y 

>ABC(2)^ j^“ (Ec ^- 6) 

Hence, 

92 1 (2) % k [ (V-) + Vy 1 . (Eq. 7) 

Bias for Amplifier No. 1 is derived from the output of 
Amplifier No. 3 which is connected as a unity-gain inverting 
amplifier. I ABC( 1 )* therefore, varies inversely with Vy. 
And by the same reasoning as above 

g 2 id) fe k [(V-)-Vyl. (Eq. 8) 

Combining equation 5, 7, and 8 yields: 

V 0 » v x • k • R L jl(V-) + Vy] - ((V ) • Vy) j or 
V 0*2kR L V x Vy 

Fig. 26 shows the actual circuit including all the adjustments 
associated with differential input and an adjustment for 
equalizing the gains of Amplifiers No. 1 and No. 2. 
Adjustment of the circuit is quite simple. With both the X 
and Y voltages at zero, connect Terminal 10 to Terminal 8. 
This procedure disables Amplifier No. 2 and permits 
adjusting the offset voltage of Amplifier No, 1 to zero by 
means of the 100-k£2 potentiometer. Next, remove the short 
between Terminals 10 and 8 and connect Terminal 15 to 
Terminal 8. This step disables Amplifier No. 1 and permits 
Amplifier No. 2 to be zeroed with the other potentiometer. 
With AC signals on both the X and Y input, R3 and R1 1 are 
adjusted for symmetrical output signals. Fig. 27 shows the 


Figures 27b and 27c, respectively, show the squaring of a 
triangular wave and a sine wave. Notice that in both cases the 
outputs are always positive and return to zero after each 
cycle. 



Fia.26— Tvoical four-auadrant multiplier circuit. 



Fig. 2 7— Voltage waveforms of four-quadrant multiplier 
circuit 
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LINEAR INTEGRATED CIRCUITS 


CA3062 

Photo Detector and 
Power Amplifier 

For Photoelectric Control Applications 

Features 


The CA3062* is an integrated circuit consisting of a 
photosensitive section, an amplifier, and a pair of high- 
current output transistors on a single monolithic chip. 


Applications 

• Counters • Intrusion alarms 

• Sorting • Position sensor 

• Level controls • Edge monitoring 

• Inspection • Isolators 

• See I CAN *6538, "Applications of the RCA-CA3062 1C 
Photodetector and Power Amplifier in Switching Circuits" 


PHOTOSENSITIVE | AMPLIFIER 

SECTION | SECTION 



• 100 mA output-current capability — can drive a relay or thyristor directly 

• 5 to 15 volt dc supply voltage 

• Compact — complete system in a TQ-5 style package 


The photosensitive section consists of Darlington pairs and ^i9- I • Light operated relay using CA3062. 

affords high sensitivity. The power amplifier has a differ- 
ential configuration which provides complementing outputs 
in response to a light input - normally "ON" and normally 
"OFF”. The separate photodetector, amplifier, and high- 
current switch provide flexibility of circuit arrangement. This 
feature plus the high current capability of the output section, 
can now provide the user with a complete system particularly 
useful in photoelectric control applications utilizing IR emit- 
ters and visible-light sources. 

ABSOLUTE-MAXIMUM RATINGS 
DISSIPATION: 

Up to T a = 55°C 

Above T a = 55° C 

At Case Temperature (Tq)< 55°C 

Above Tq= 55° C 

TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE {During soldering) 

At distance > 1/32 in (3.17 mm) from 
seating plane for 10 s max 


700 mW 

Derate linearly 5.6 mW/° C 

1.5 W 

Derate linearly 16 mW/°C 

-55°C to +125°C 

-65° C to +1 50° C 


.+300°C 



Maximum Voltage Ratings 


The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the voltage Maximum Current Ratings 
range between vertical terminal 2 and horizontal terminal 3 is +15 to 0 volts. 



* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 


+75 V 



92CS - I558IRI 


Fig. 3 - Test circuit for photocurrent and typical spectra! 
response of photosensitive Darlington unit. 



ILLUMINATION- LUMENS PER SQUARE FOOT (COLOR TEMPERATURE* 2854K) 



!0 30 100 1000 8000 

IRRADIANCE (RADIANT FLUX DENSITY) AT x * 725 nm-^W/cm* 


9ZCS-I5587RI 

Fig. 4 - Photocurrent as a function of radiant flux. 
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LINEAR INTEGRATED CIRCUITS 


CA3062 


ELECTRICAL CHARACTERISTICS at T A * 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

MEASURE- 

MENT 

TERMINAL 

Nos. 

TEST 

CIR- 

CUIT 

LIMITS 

UNITS 

FIG. 

MIN. I TYP. IMAX 


| STATIC CHARACTERISTICS J 

Photo Darlington Section: 

Col lector-to- Em itter 
Breakdown Voltage 

V (BR)CEO 

E = 0 lumens/ft^ 

l c =1mA 

10-11 

- 

10 

- 

- 

V 

Emitter -to-Base 

Breakdown Voitage 

V (BR)EBO 

l E = 0.1 mA, E = 0 

9-11 

12-11 

- 

10 

- 

- 

V 

Dark Current 

’dark 

V CE = 7.5 V, E = 0 

10 

3 


0.1 

30 

mA 

Photo Current 

f P 

Vce = 7.5V 

E = 8 lumens/ft‘ 

10 

- 

60 

- 

mA 

Wavelength of 

Max. Sensitivity 

X max. 



- 

725 

- 

Note 2 

nm 

Relative Angular Sensitivity 




- 

- 

- 

- 

- 

Area of Each 

Photo Transistor 




- 

1.3 x 10 cm^ 


Amplifier Section 

Output Transistor: 
Collector-to- Emitter 
Breakdown Voltage 

Mbrjceo 6 

V (BR)CEO 7 

Iq = 1 mA 

2-3 

6~5 

_ 

15 

_ 

_ 

V 

Emitter-to-Base 

Breakdown Voltage 

MbRJEBO 6 
V <BR)EBO 7 

l E = 1 mA 

3-8 

6-8 

- 

5 

- 

- 

V 

DC Supply Current 

’supply 

V 4 = 7.5 V 

4 

- 

- 

5.5 

10 

mA 

Sensitivity: 

Illumination. 

For Normal' 0 F F "Output 

^ON 

Set light input for 
lg = 70 mA 

6 

7, 15, 

17 

- 

8 

70 

Notes 

1, 3 

lumens 
per ft 2 

For Normal "ON" Output 

Eqff 

Set light input for 

1 2 = 5 mA 

2 

- 

10 

- 

DYNAMIC CHARACTERISTICS | 

Overall Response Time: 
Turn-On Time 

*on 

E = 700 /iW/cm^ 
at X = 930 nm 

— 

12 

_ 

38 

_ 

MS 

Rise Time 

V 

- 

125 

- 

MS 

Turn-Off Time 

^Tf 

- 

43 


MS 

Fall Time 



20 

- 

MS 


NOTES 

(1) Tungsten filament light source at a color temperature of 2854K. 

(2) One (1) nanometer = 10 Angstrom units. 

(3) A radiant flux density of 7.5 /uW/cm2 at 725 nm produces the 
same photocurrent as 1 lumen/ft 2 from a tungsten filament 
lamp at a color temperature of 2854K. 



J I i i I 1 I L 

400 500 600 ?00 800 900 1000 1100 

WAVELENGTH (V) — NANOMETERS 92CS-I5605 

Fig. 5 - Typical spectral response of photosensitive Darling 
ton unit. 


angle from perpenoicular — degrees 



Fig. 6 - Relative angular sensitivity. 



Fig. 7 - Test circuit for sensitivity and dc current measure- 
ment. 



92CS-I5588RI 

Fig. 8 - Load current (1 2 ) -vs. illumination as a function of 
supply volts. 



92CS-I5586RI 


Fig. 9 - Load current (Iq) vs. illumination as a function of 
supply volts. 



92CS-I5579RI 

Fig. 10 - Load current (1 2 ) vs. illumination as a function of 
case temperature. 
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CA3062 



I 10 100 

ILLUMINATION - LUMENS PER SQUARE FOOT (COLOR TEMPERATURE *2854K) 


IRRADIANCE (RADIANT FLUX DENSITY) AT X* 725 nm — 


92CS-I558SRI 


Fig. 1 1 - Load current (Iq) vs. illumination as a function of 


case temperature. 



Fig. 12 - Response time test circuit. 



Fig. 13 - Waveforms for measurement of response time. 



92CS- 16049 




Fig. 14 - Response time as a function of radiant flux density. 


Fig. 15 - Circuit diagram for "ON-OFF" photoelectric 
control applications. 


Fig. 16 - Circuit diagram for linear output photoelectric 
applications. 


OPERATING CONSIDERATIONS 
Switching Service 

The CA3062 is primarily intended to provide "ON-OFF" 
output in response to a light signal. Optimum performance of 
this device is achieved when the output transistors are 
operated at values of load current sufficient to saturate the 
device in the "ON” state. Operation of the CA3062 at values 
of load current between the condition of no load current and 
saturation will cause substantial power to be dissipated in the 
silicon chip. This condition of operation is therefore not 
recommended because the heat rise in the silicon chip 
induced by the increased power dissipation causes the load 
current to shift in the same direction as though additional 
illumination were applied to the CA3062, a condition which 
will substantially alter the switching characteristics of the 
device. 

The signal voltages at the input terminals (terminal No. 1 and 
No. 7) must not exceed 3 volts, because any increase in the 
signal voltage beyond the value specified will cause both 
output transistors to be turned "ON”. In the circuit shown in 
Fig. 7, this condition will occur for values of illumination 
greater than 60 lumens/ft 2 .This adverse operating condition 
can be avoided by either limiting the maximum illumination 
or by clamping the input so that tha voltage does not exceed 
3 volts. 

Linear Service 

The CA3062 can be connected as shown in Fig. 16 to give a 
linear output. The value of the load resistor should be greater 


than 1000 ohms in order to limit the power dissipation and 
thus minimize the heating effects. Because of the many 
possible variations in circuit configurations, the CA3062 has 
not been characterized for linear service applications. A 
guide-line circuit for this class of service is shown in Fig. 16. 


Specific inquiries for use of the CA3062 in this type of 
service should be addressed to your local RCA Field 
Technical Representative. 

Precautions 

Because of the high amplification of the CA3062, care 
should be taken, when wiring, to keep all lead lengths as 
short as possible. A recommended breadboard layout is 
shown in Fig. 17. 

If the CA3062 is operated with an inductive load impedance, 
such as a relay, it is recommended that a diode be connected 
across the load to absorb the energy of the pulse voltages 
generated during switching. 

Many of the graphs are shown with two sets of abscissa 
values for light energy input, one expressed in illumination 
values (lumens/sq. ft.) and the other in irradiance values 
(/nW/sq. cm.) 

Correlation between these two sets of abscissa values is 
accomplished by having the light source operating at the 
maximum sensitivity wavelength of the CA3062. See Notes 
on page three. 



Fig. 1 7 - Breadboard layout of test circuit, shown in Fig. 7 
for the CA3062. 
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CA3064, CA3064E 

TV Automatic Fine Tuning Circuit 

RCA-CA3064 and CA3064E represent the third generation of 
integrated circuits designed primarily for AFC (Automatic- 
Frequency-Control) applications. They provide all of the 
signal-processing components needed (with the exception of 
the tuned-phase-detector transformer) to derive the AFT cor- 
rection signals from the output of the video-if amplifier. The 
CA3064 is supplied in the 10-formed-lead TO-5 style pack- 
age, and the CA3064E in the 14-lead dual-in-line plastic 
package. Both types operate over the temperature range of 
-55 to +125°C. 

The CA3064 and CA3064E are functionally similar to the 
CA3044 and CA3044V1 but embody a higher-gain input 
amplifier which provides a 20-dB improvement in sensi- 
tivity. The increased sensitivity extends the application of 
a proven AFT system to the low-level if-amplifier stages 
in TV receivers. 

Because the CA3064 and CA3064E are functionally similar to 
the CA3044 and CA3044V1, refer to Application Note 
ICAN-5831 , "Application of the RCA CA3044 and CA3044V1 
Integrated Circuits in Automatic Fine-Tuning Systems" for 
general application information. 



Fig. 1 - Block diagram of typical operating circuit utilizing the CA3064 and CA3064E. 


Features: 

■ Cascode type high-gain amplifier (18 mV input for rated output) 

■ Internal voltage regulator 

■ Differential detector 

■ For use with either color or monochrome 

■ Differential amplifier 

■ Bipolar outputs 

■ Wide operating- temperature range; -55 to +125°C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DEVICE DISSIPATION: 

Up to T A = 25°C 700 mW 

Above T a = 25°C derate linearly 5.6 mW/°C 


AMBIENT TEMPERATURE RANGE: 

Operating -55to+125°C 

Storage. — 65to+150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16" ± 1/32" 

(1.59 mm ± 0.79 mm) 

from case for 10 s max 265°C 



,+ REgQ>H 


if output ( j) — I 


nc(7H 


jQ.COM MON a 

'O'SUBSTRATE 
-@NC 
— @IF INPUT 
-©NC 
-@NC 

-®^;i CT0R 


(b) CA3064E 


Fig.2 - Terminal assignment diagrams. 



Fig. 3 — Test setup: Measurement of total device 
dissipation, zener regulating voltage, 
quiescent operating current at 
terminal 2 (3). 


ELECTRICAL CHARACTERISTICS at T A = 25°C, Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOLS 

TEST 

CIRCUITS 

TEST 

CONDITIONS 

LIMITS 

CA3064, CA3064E 

UNITS 

CHARAC- 

TERISTIC 

CURVES 

FIG. 


MIN. | TYP. | MAX. 

FIG. 

STATIC CHARACTERISTICS j 

Device Dissipation 

PD 

3 

v+ = 

30V 

R S = 
1.5kfl 

Ta 


135 

Q 



-25°C 

+ 25°C 

130 

140 

Q 

H 

+85°C 


145 



Current Drain at 10.5 Volts 

't 

3 

Vio(i) = 10.5 V | 

4 

6.5 

s 



Zener Regulated Voltage - DC 

Supply Voltage at terminal 10(1)* 

Vl0(1) 

3 



10.9 

11.8 


fl 


Quiescent Operating Current into 
Terminal 2(3) 

'2(3) 

3 

1 

2 




Quiescent Operating Voltage at 
Terminal 4(5) 

v 4(5) 


V+ = 30 V 

Rc = 1 .5 kT2 

5 

6.9 


I 


Quiescent Operating Voltage at 
Terminal 5(8) 

v 5(8) 




5 

6.9 


n 


Output Offset Voltage between 

T erminals 4 and 5(5 and 8) 

V4-5 

(5-8) 


-1 

0 

1 

B 


| DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER IN T0-5 STYLE PACKAGE) ] 

Input Voltage Sensitivity 

Vl . 

sensitivity 

5 

V+ = +30 V 

V| = 18 mV 

Correction Voltage Output 
as shown in table below. 

Input Admittance 

m 




0.41 + jl.O 


mmho 


Reverse Transfer Admittance 

*12 


f = 45.75 MHz 

V + = 30 V 

RS = 1.5 kH 


0 +j3.4 


^mho 


Forward Transfer Admittance 

*21 



24.5 -j29 


mmho 


Output Admittance 

*22 




0.04 + j0.9 


mmho 


| OUTPUT vs FREQUENCY DEVIATION - AFC | 

Correction-Control Voltage at 
Terminal 4(5) 

V 

corr. 

4(5) 

5 

V+ - +30 V 

V| = 18 mV RMS 
f 0 = MHz as 
indicated 

% of 
ViO 
(1) 


%of 

V 10 

(1) 

■ 

■ 

45.750 - 0.030 

85 




D 

45.750 + 0.030 



0 

V 

45.750 - 0.900 

80 



V 

■ 

45.750 ♦ 0.900 



MM 

V 

45.750 - 1.500 



■a 

V 

45.750 + 1.500 

35 



V 

Correction-Control Voltage at 
Terminal 5(8) 

V 

corr. 

5(8) 

5 

45.750 - 0.030 



mm 

mm 

D 

45.750 + 0.030 

85 


- 

V 

45.750 - 0.900 



MM 

V 

■ 

45.750 + 0.900 

80 



■ i 

45.750 - 1.500 

35 



V 

45.750 ♦ 1.500 


- 

m 

V 


* Terminal numbers in parentheses are for 14-lead dual-in-line plastic package. 


175 





LINEAR INTEGRATED CIRCUITS 


CA3064, CA3064E 

MAXIMUM VOLTAGE RATINGS at T A - 25°C 

The following chart gives the range of voltages which can be applied to the terminals listed 
vertically with respect to the terminals listed horizontally. For example, the voltage range 
between vertical terminal 2 (3) and horizontal terminal 6 (9) is +20 to 0 volts. Terminal 
nos. in parentheses are for the 14-lead dual-in-line plastic package. 


TERM- 

INAL 

No. 

9(6,7, 

10,11, 

13) 

10 

(1) 

1 

(2) 

2 

(3) 

3 

(4) 

4 

(5) 

5 

(8) 

6 

(9) 

7 

(12) 

8 

(14) 

9(6,7,* 

10,11, 











13) 


10 



+ 12 

+ 10 

+ 12 

+ 12 

+ 12 

+ 10 

+ 20 

A 

(1) 



0 

-10 

0 

0 

0 

0 

0 


1 

(2) 





+ 10 



+5 


+ 5 





- 10 



-5 


- 6 

2 








+20 


+20 

(3) 








0 


0 

3 








+5 


+5 

(4) 








-6 


-6 

4 











(5) 







* 

* 

* 

+ 12 

0 

5 

(8) 








♦ 

* 

+ 12 

0 

6 









+5 

+2 

(9) 









-2 

0 

7 











(12) 










+2 










- 10 

8 










REF.SUB 

STRATE 

(14) 










& CASE* 


MAXIMUM 
CURRENT RATINGS 


TERM- 

INAL 

No. 

•in 

mA 

•out 

mA 

9(6,7, 

10,11, 

13) 


_ 

10 

(1) 

50 

50 

1 

(2) 

1 

0.1 

2 

(3) 

20 

20 

3 

(4) 

1 

0.1 

4 

(5) 

5 

5 

5 

(8) 

5 

5 

6 

(9) 

5 

5 

7 

(12) 

1 

1 

8 

(14) 

50 

50 


A Terminal number 10 (1) may be connected to any positive voltage 
source greater than the internal zener regulating voltage through a 
suitable dropping resistor — provided the dissipation rating is not 
exceeded. 

■ This terminal should be connected to the most negative potential of 
the complete circuit. 


Voltages are not normally applied between these terminals. Voltages 
appearing between these terminals will be safe if the specified limits 
between all other terminals are not exceeded. 

It is recommended that unused terminals 6,7,10,11, and 13 on the 
14-lead dual-in-line-plastic package and terminal 9 on the TO-5 
package be grounded to act as shields. 




CONTROL VOLTAGE OUTPUT 

ALL RESISTORS ARE 1% TOLERANCE AND ARE IN OHMS 
TERMINAL NUMBERS IN PARENTHESES ARE FOR 14- LEAD 
DUAL- IN- LINE PLASTIC PACKAGE 

92CS-I58I3RI 


L, IS ALIGNED FOR SYMMETRICAL BANDWIDTH ON 
EITHER SIDE OF 45 750 mHi 
L 2 TERTIARY WINDING WOUND ON L, COIL FORM 
Lj IS ALIGNED FOR ZERO DIFFERENTIAL OUTPUT 
BETWEEN TERMINALS 4 AND 5 AT f 0 = 45 750 MHz 
' FOR COIL CONSTRUCTION DATA. SEE FIG.AIM 


REFERENCE VOLTAGE PERCENTAGES ( 

Ref. A 

85% of V-jo(l ) 

Ref. B 

25% of V 10 (i) 

Ref. C 

80% of V 10 (i ) 

Ref. D 

35% of V 10 (i) 


Coil RCA Distributor Part No. 

(L 1( L 2 ) .... 122213 

L 3 122 203 


Fig, 5 (a) - Correction voltage test circuit for CA3064 and CA3064E. 


COIL DATA FOR DISCRIMINATOR WINDINGS 
Li — Discriminator Primary: 3-1/6 turns; #20 Enamel-cov- 
ered wire — close-wound, at bottom of coil form. Inductance 
of Li = 0.165 pH; Q 0 = 120 at f 0 = 45.75 MHz. 

Start winding at terminal #6; finish at Terminal #1 . See Notes 
below. 

L2 - Tertiary Windings: 2-1/6 turns; #20 Enamel-covered 
wire — close wound over bottom end of Li. Start winding at 
Terminal #3; finish at Terminal #4. See Notes below. 

L3 — Discriminator Secondary: 3-1/2 turns; center-tapped, 
space wound at bottom of coil form. 

Inductance of L3 = 0.180 pH; Q 0 = 150 at f 0 = 45.75 MHz. 
Start winding at Terminal #2; finish at Terminal #5; connect 
center tap to Terminal #7. See Notes below. 

Notes: 1. Coil Forms; Cylindrical; -0.30" Dia. max. 

2. Tuning Core: 0.250" Dia. x 0.37" Length. 

: Material: Carbinal J or equivalent 

3. Coil Form Base: See drawing below. 

4. End of coil nearest terminal board to be designated 
the winding start end. 



92CS-I56IA 


Fig. 5 ( b ) Coil form base terminal diagram. 
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LINEAR INTEGRATED CIRCUITS 


CA3065 

IF AMPLIFIER- LIMITER, FM DETECTOR, 
ATTENUATOR, AUDIO DRIVER 


ELECTRONIC 


performs the conventional volume control function. Vol- 
ume control is accomplished when the bias levels in the 
attenuator are changed by means of a variable resistor 
connected between Terminal 6 and ground (attenuation in 
excess of 60 dB is attained). Because no audio signal is 
present in this control, hum or noise pickup can be by- 
passed. In most cases, only a single unshielded wire is 
required between the IF board and the variable resistor 
(volume control). 

The CA3065 utilizes a 14-lead dual-in-line plastic 
package with leads specially formed to facilitate auto- 
matic insertion of the device into suitably punched printed- 
cirduit boards. 


For Television Sound- System Applications 

The RCA CA3065 Television Sound System is a 
monolithic integrated circuit which combines a multi- 
stage IF amplifier limiter, an FM detector, an electronic 
attenuator, a zener diode regulated power supply, and 
an audio amplifier-driver that is designed to directly 
drive an npn power transistor or high-transconductance 
tube. Because the circuit is so inclusive, a minimum 
number of external components is required. A block 
diagram of the integrated circuit television sound sys- 
tem is shown in Fig. 1. 

The CA3065 with its advanced circuit design pro- 
vides a high-performance multistage subsystem for the 
sound system of a television receiver. A particular fea- 
ture of the CA3065 is the electronic attenuator which 

MAXIMUM RATINGS, Absolute Maximum Values , at T A = 25° C 
Input Signal Voltage (between Terminals 1 and 2) 

Power Supply Current (Terminal 5) 

Power Dissipation: 

Up to T A = 25° C 

Above T A = 25°C 

Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max. 

MAXIMUM VOLTAGE RATINGS at T A = 25° C 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range of the vertical terminal 9 with respect to terminal 3 is 0 to +4 volts. 


FEATURES: 

• Electronic attenuator- replaces conventional 
volume control 

• Differential peak detector - requires one single 
tuned coil 

• Internal Zener diode regulated supply 
e Inherent high stability 

• Excellent AM rejection - 50 dB typ. at 4.5MHz 

• Low harmonic distortion 

e High sensitivity -200 fxV limiting (knee) at 4.5MHz 

• Audio drive capability -6 mA p-p 

• Undistorted audio output voltage - 7 V p-p 


±3 

V 

50 

mA 

850 

mW 

Derate linearly 6.67 

mW/°C 

- 40 to + 85 

°C 

- 65 to + 150 

°c 

+265 

°c 


SOUND 

TAKE-OFF 

TRANSFORMER 




^T~ j 

F 

lMPL. X 


1 L 

IMITER/ 

T 

ro. 

T SUBSTRATE 

J t— 4 

< 

f G 


* 

1 , 

L 1 


*L|*I6^H nominal, 

°(UNLOADED)* 6 5 TO 85 
ALL RESISTANCE VALUES ARE IN OHMS 

Fig. I -Block diagram of CA3065 in a typical 


92CM -»S8I7R3 

circuit application. 


MAXIMUM 

CURRENT RATINGS 


TERM- 

INAL 

No. 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1 

2 

3 

4 


SUBSTRATE CONNECTION - ALWAYS CONNECT TO TERMINAL 3 

5 


— 

+ 13 

0 

+ 13 

0 

+ 13 

0 

* 

* 

INTERNAL CONNECTION 

DO NOT USE 

+ 13 

0 

+ 13 

0 

* 

* 

* 

NOTE 

1 

6 




* 

♦ 

* 

* 

* 

'* 

* 

* 

* 

+ 13 
-5 

7 





+ 1 
-4 

* 

* 

* 


* 

* 

* 

+ 13 

0 

8 






* 

* 

* 


* 

* 

* 

* 

9 







* 

* 

* 

* 

* 

* 

+ 4 

0 

10 









* 

* 

♦ 

* 

* 

+ 4 
-5 

11 









INTERNAL CONNECTION 

DO NOT USE 

12 










+4 

-1 

* 

* 

* 

* 

13 











* 

* 

* 

* 

14 












* 

* 

+ 3 
-5 

T 

■ 

1 1 











+5 

-5 

+ 5 
-5 

2 














+ 4 

-5 

3 
















TERM- 

INAL 

No. 

1 IN 
mA 

'out 

mA 

4 

SUBSTRATE: 
CONNECT TO 
TERMINAL 3 

5 

50 

1 

6 

1 

1 

7 

1 

1 

8 

0.5 

6 

9 

1 

1 

TO 

1 

0.1 

11 

INT. CONN. 

DO NOT USE 

12 i 

0.5 

6 

13 

1 

2 


1 

0.1 

1 

1 

0.1 

2 

1 

0.1 

3 

0.1 

50 


Note 1: Terminal No. 5 may be connected to any positive 
voltage through a suitable resistor provided that 
the current and dissipation ratings of the CA3065 
are not exceeded. 

♦Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
specified limits between all other terminals are not exceeded. 
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LINEAR INTEGRATED CIRCUITS 


CA3065 



The resistance values included on the schematic diagram have been 
supplied as a convenience to assist Equipment Manufacturers in 
optimizing the selection of “outboard" components of equipment 
designs. The values shown may vary as much as + 30%. 

RCA reserves the right to make any changes in the Resistance 
Values provided such changes do not adversely affect the published 
performance characteristics of the device. 



L| * 16 p.H NOMINAL 
°( UNLOADED) 365 T0 85 


TERMINALS 1 1, 12, \3 , 14 NO CONNECTION 
92CM- 15015 


ELECTRICAL CHARACTERISTICS at J A = 25° C, V cc = + 140 V applied to Terminal 5 through 
R$ - 3.9 kQ, and DC Volume Control ( R x ) = 0 unless otherwise indicated. 


CHARACTERISTIC 

SYMBOL 

SPECIAL TEST CONDITIONS 

LIMITS 

UNITS 

Mm. 

Typ. 

Max. 

| Static Characteristics 


Zener Regulating Voltage 

Terminal No. 5 

V5 


10.3 

11.2 

12.2 

V 

Current into Terminal 5 

'5 

Connect Terminal 5 to +9 V 

10 

16 

24 

mA 

Total Device Dissipation 

Pt 


343 

370 

400 

mW 

Terminal Voltages: 1 

V 1 


- 

2 

_ 


6 

\ 


- 

4.8 

- 


1 

V? 


- 

6.1 

- 

V 

9 

V 9 


- 

3.7 

- 


12 

V 12 


1 , 

5.1 

5.8 


| Dynamic Characteristics 


IF AMPLIFIER 


f 0 4.5 MHz. f m - 400 Hz, 





Input Limiting Voltage 

V|(lim) 

Deviation - *25 kHz, 


200 

400 

mV 

(at -3 dB point) 







AM Rejection 

AMR 

Amplitude Modulation 30% 
f 4.5 MHz 

40 

50 

- 

dB 

Transconductance 

Magnitude 

IGmIMFi 

f - 4.5 MHz 

IF Input Terminals: 2, 1 


500 

- 

mmho 

Phase Angle 

-(IF) 

IF Output Terminals: 9, 3 

- 

46 

- 

degrees 

Feedback Capacitance 

Cfb 

f 1 MHz: Terminals 2 and 9 

- 

■ 0.02 

- 

pF 

Input Impedance Components: 

R, (IF) 

Measured between 


17 


kQ 

Parallel Input Resistance 

Terminal Nos. 1 and 2 



Parallel Input Capacitance 

C, (IF) 

I -4.5 MHz 

- 

4 

- 

pF 

Output Impedance Components: 
Parallel Output Resistance 

R 0 (IF) 

Measured between 

Terminal No. 9 and gnd 

- 

3.25 

- 

kQ 

Parallel Output Capacitance 

C 0 (IF) 

f 4.5 MHz 

- 

7.5 

- 

PF 

DETECTOR 

Recovered AF Voltage 

V 0 ( at ) 

t 4 5 MHz: Vj 100 mV 
. f *25 kHz 

0.5 

0.75 • 

- 

V(rms) 

Total Harmonic Distortion 

THD 

fm 400 Hz 

- 

0.9 

2 

% 

Output Resistance: 







Terminal 7 

Ro 


- 

7.5 

- 

kQ 

Terminal 8 


- 

300 

- 

Q 

ATTENUATOR 


See Fig. 7 





Max. Attenuation 

- 

R X - o> 

60 

80 

- 

dB 

Max. “P*! ay-through” Voltage* 

- 

R x oo 

- 

0.075 

1 

mV 

AUDIO AMPLIFIER 







Voltage Gain 

Afaf) 

V| 0.1 V(rms), f 400 Hz 

17.5 

20 

- 

dB 

Total Harmonic Distortion 

THD 

Vq 2 V(rms), f = 400 Hz 

- 

1.5 

- 

% 

Undistorted Output Voltage 

_ 

THD - 5%, f - 400 Hz 

2 

2.5 

- 

V(rms) 

Input Resistance 

Rj(af) 

f - 400 Hz 

- 

70 

- 

kQ 

Output Resistance 

Ro(af) 

f - 400 Hz 

- 

270 

- 

Q 


Fig. 3 -Input limiting voltage , AM rejection, re- 
covered audio , total harmonic distortion, maxi- 
mum attenuation, maximum “play -through'' 
test circuit. 


Vcc 

140 V 



92CS 15816 


Fig. 4 -Audio voltage gain (undistorted output) 
test circuit. 



♦"Playthrough’’ voltage is the unwanted signal, measured at Terminal 8, when the volume control is set for minimum output. 


Fig. 5 - Frequency response of IF-amplifier section of CA3065 
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LINEAR INTEGRATED CIRCUITS 


CA3065 


3.9 k £1 



(a) Test circuit 



Fig . 6 * Frequency response of af-amplifier 
section of CA3065 



9 2CS - 1 58 18 

Fig. 7 - Gain reduction vs. resistance 
(terminal 6 to gnd ) 


OPERATING CONSIDERATIONS 

The CA3065 may be used to drive a video output 
transistor or a high-transconductance output tube. 

As in all TV receivers, precaution should be 
taken to prevent destruction of the CA3065 in the event 
of cascade arcs originating in the picture tube or in the 
output tube. In the case of arcing in the output tube a 
resistor of 150 k in series with terminal No. 12 and the 
grid of the tube is usually sufficient protection. 

To prevent damage from picture tube arcs, a careful 
analysis of board layout and coupling modes (electro- 
static or magnetic) may be necessary to suggest alters 
nate layouts or appropriate locations for the placement 
of spark gaps to absorb the high energy discharge. 



92SS-4438 

(a) Printed circuit board - bottom view * (b) Parts layout - top view* 

Fig. 8 - Recommended parts layout for TV receiver 
sound strip using CA3065. 


92 S5-443 9 


* A 200 mil square grid was used in the layout of passive components on the 
printed circuit board. The Quad-in-line formed leads conform to a standard 
grid spacing of 1 00 mil centers. 
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LINEAR INTEGRATED CIRCUITS 


CA3066, CA3067 


Television Chroma System 


System Features 


The RCA CA3066 and CA3067 are monolithic silicon 
integrated circuits that constitute a complete chroma system 
for color television receivers. The CA3066 provides 
subcarrier regeneration and total chroma signal processing 
prior to demodulation; the CA3067 performs the 
demodulation and tint control functions. Each device utilizes 
a 16-lead quad-in-line plastic package. 

CA3066 CHROMA SIGNAL PROCESSOR 


CA3066 

CHROMA SIGNAL PROCESSOR 

■ Complete Color Sync Circuit 

■ Blanked Chroma Amplif ier 

■ Chroma Band-Pass Amplifier 

» Low Output Impedance Chroma Driver 

■ ACC Detector-Amplifier 

■ Killer Detector-Amplifier 
• DC Chroma Gain Control 


CA3067 

CHROMA DEMODULATOR 

■ Balanced Chroma Demodulators 

■ Color Difference Matrix 

■ DC Tint Control 

■ Three Low Output impedance Drivers for Direct Coupling 
" Reference Subcarrier Limiter 

■ Zener Diode for Regulated Voltage Reference 

■ Interna! RF Filtering 


The CA3066 contains substantially all the color processing 
circuitry exclusive of the tint control and demodulating 
circuits. The chroma amplifier sections of the CA3066 
consist of the chroma and bandpass amplifiers. The chroma 
amplifier receives the chroma input signal at terminal No. 1. 
This amplifier is gain controlled by the automatic chroma 
control (ACC) detector-amplifier. The chroma signal is 
internally coupled from the output of the chroma amplifier 
to the input of the chroma bandpass amplifier and burst 
separator amplifier. The horizontal keying pulse (+8V) is 
used to gate the burst portion of the chroma signal from the 
input of the bandpass amplifier to the input of the burst 
separator amplifier. The bandpass amplifier is gain controlled 
by the dc chroma gain control and can also be controlled by 
the killer detector-amplifier. The bandpass amplifier output 
is internally coupled to the chroma output amplifier stage of 
the CA3066. The coils of the chroma amplifier and the 
bandpass amplifier are stagger-tuned to provide a combined 
typical bandpass of 3.08 to 4.08 MHz. The burst separator 
amplifier injects the burst signal into the 3.58 MHz oscillator. 
The oscillator amplitude is dependent on the terminal No. 9 
impedance to ground and is also responsive to the burst 
signal amplitude at terminal No. 11 . The ACC detector and 
killer detector sense the burst level or absence of burst, 
respectively, by monitoring the oscillators response to the 
burst injection level. The thresholds for the ACC and killer 
are independently adjusted by resistors R2 and R1 at 
terminals No. 9 and No. 4, respectively. The chroma output 
is at terminal No. 14 and the oscillator output is at terminal 
No. 8. Terminal No. 6 is a zener diode for use as a regulated 
voltage reference at 11.9 volts. When the zener reference 
element is not used, the power supply voltage should be 
maintained at 1 1.2 ± 0.5 volts. 


■ Zener Diode for Regulated Voltage Reference 

■ Short-Circuit Protection on All Terminals 


CA3066 

ELECTRICAL CHARACTERISTICS at J A = 25°C and V + « 11,2 V 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

TEST FIG. 

AND 

CURVES 

MIN. [ TYP.j MAX.” 

Static Characteristics ! 

Voltages: 

ACC Reference 

V 2 



0.5 


V 

2 

Burst-Chroma Ampl. Bias Current Term. 

V 3 


2.9 

- 

Killer Reference 

V 4 


1.0 

- 

Zener Reg. Reference 

v 6 

10.6 

11.9 

12.6 

Oscillator Input 

v? 

- 

1.4 

- 

Oscillator Output 

V8 

- 

2.35 

- 

Balance (ACC Control) 

v 9 

- 

1.65 

- 

Chroma Output 

Vl4 

- 

4.6 

- 

Currents: 

Total Supply 

'5 


14 

24 

33 

mA 

Burst Separator Output 

'll 

Si Closed 

- 

6.5 

- 

Band-Pass Ampl. Output 

'13 


- 

4.8 

- 

Chroma Ampl. Output 

h6 

- 

1.27 

- 

Dynamic Characteristics j 

Oscillator Output 

v 8 

vi - O Vp.p 

vi = 1.25 vp.p 

0.8 

1.2 

2.5 

3.5 

v p-p 

4 

Chroma Output: 

100% 

vi4 

vi = 1.25 vp.p 

0.5 

1.0 

_ 

Vp-p 

3,4 

Killed 

vi - 0.025 vp. p 

- 

- 

12 

ACC Detector Output 

v 2 

vi = 1 .25 vp.p 

- 

0.9 

- 

V 

4 

Small-Signal Input Resistance (Term. No.1) 

r i 


- 

50 

- 

k il 

- 

Small-Signal Input Capacitance (Term. No.1) 

Ci 


- 

“2.4 

- 

pF 

Small-Signal Output impedance (Term. No. 14) 

r o 


- 

250 

- 

n 



CA3066 

MAXIMUM RATINGS, Absolute-Maximum Values at 
T A = 25° C 

Supply Voltages and Currents (see charts below) 

Device Dissipation: 

Up to Ta = 70°C 600 mW 

Above Ta = 70°C . . . . derate linearly 7.7 mW/°C 
Ambient Temperature Range: 

Operating —40 to +85 U C 

Storage — 65to+150°C 

Lead Temperature (During soldering for 
10s max. at not less than 1/32" from package) . . . +265 °C 
Voltage with respect to 
Terminal No. 5. Current 


Terminal 

No. 

Ymin. 

(volts) 

Vmax. 

(volts) 

6 

See Note N1 | 

7 


- 

8 

- 

- 

9 

— 

_ 

10 

-5.0 

N2 

11 

0.0 

18.0 

12 

0.0 

12.0 

13 

0.0 

15.0 

14 

- 

- 

15 

0.0 

N2 

16 

0.0 

15.0 

1 

-5.0 

5.0 

2 

- 

- 

3 

- 

- 

4 

- 

- 


Terminal 

No. 

mA 

•o 

mA 

6 

20 

0.1 

7 

5 

0.1 

8 

1 

2 

9 

0.1 

2 

10 

1 

0.1 

11 

10 

1 

12 

50 

1 

13 

10 

1 

14 

0.1 

6 

15 

3 

1 

16 

6 

1 

1 

1 

0.1 

2 

0.1 

2 

3 

0.1 

20 

4 

1 

1 


N1 Terminal No. 6 is connected to a zener reference 
element, that, if used, should be biased by a positive 
voltage through a resistor that limits the current to a 
value which is less than the maximum current rating of 
terminal No. 6. 

N2 The upper voltage limit cannot exceed the power 
supply input voltage at terminal 12. 
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LINEAR INTEGRATED CIRCUIT! 


CA3066, CA3067 



Fig. 2 - Static characteristics test circuit for CA3066. 



Fig. 3 - Typical ACC characteristic of chroma output vs 
chroma input for CA3066. 



Steps 1 , 2, and 3 are performed with no Chroma input 

( v , = 0) 

1. Adjust ACC potentiometer for V2 = +0.65 V. 

2. Adjust Killer potentiometer for V4=+1.2V. 

3. Adjust capacitor C x (crystal trimmer) so that 
frequency of oscillator is 3.579545 MHz. 

4. Unless otherwise noted, the chroma gain control is at 
maximum gain (fully clockwise). 

5. The chroma input test signal is a 52.5 ps "line" at 
subcarrier frequency, and 10 cycles of burst at 46.5% 


of the "line" amplitude. The chroma input (v-|) is in 
peak-to-peak volts of "line" amplitude. 

The chroma output (V14) is the same as the chroma 
input (vi ) except that the burst is removed and keying 
overshoot occurs in the retrace period. The chroma 
output is in peak-to-peak volts of "line" amplitude. 
The oscillator output (vs) is the CW output at terminal 
No. 8 and is in peak-to-peak volts. Some modulation 
of oscillation dampening between burst injection is 
visible. 


DYNAMIC CHARACTERISTICS TEST PROCEDURE 

6 . 

7. 


CA3067 CHROMA DEMODULATOR 

The CA3067 contains the separate functional systems of a 
dc tint control and a demodulator. The phase shift of the tint 
amplifier system is accomplished by functional control of the 
fixed phase signal from the CA3066 oscillator output. This 
regenerated reference subcarrier is applied to terminal No. 3 
and driven differentially into phase shift circuits. The tint 
adjustment controls the vector addition of phase shifted 
signals after which a limiting amplifier removes any remain- 
ing amplitude modulation. The output of the tint amplifier 
at terminal No. 1 is phase separated for the required 
reference subcarrier phase at terminal No. 6 and No. 12 
(terminal No. 12 lags terminal No. 6 by approximately 76°). 
These terminals are inputs to the demodulator drive amp- 
lifiers. The demodulators consist of two sets of balanced 
detectors which receive their reference subcarrier from the 
demodulator drive amplifiers. The chroma signal input from 
the CA3066 is applied to terminal No. 14. The chroma signal 
differentially drives the demodulators. The demodulation 
components are matrixed and dc-shifted in voltage to give 
R— Y, G— Y, and B— Y color difference components with 
close dc balance and proper amplitude ratios. The output 
amplifiers of the CA3067 are specially designed to meet the 
low-impedance driving source requirements of the high-level 
color output amplifiers. A special feature of the CA3067 is 
R— C filtering of high frequency demodulation components. 
Terminal No. 4 is a zener diode for use as a regulated voltage 
reference at 11 .9V. When the zener reference element is not 
used, the power supply should be maintained at +11.2 ±0.5 
volts. 


-<2F 

dp (pHip dp dp dp (p (p 
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Fig. 5 - Static characteristics test circuit for CA3067. 



Fig. 6 -CA3067 schematic diagram. 
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LINEAR INTEGRATED CIRCUITS 


CA3066, CA3067 


ELECTRICAL CHARACTERISTICS atTA - 25°C and V + - 11.2 V 


CHARACTERISTIC 

SYMBOL 


LIMITS 


TEST 
FIG. AND 
CURVES 


| MIN. 

|typ. 

|max. 


| Static Characteristics j 

Voltages: 

Tint Control Input 

V 2 

l 2 “ 0.25 mA 

_ 

3.5 

_ 


9 

Reference Subcarrier 

v 3 


- 

2.1 

- 


Zener Regulator Ref. 

v 4 


10.6 

11.9 

12-6 

V 

B— Y, R— Y Oscillator Ref. Inputs 

v 6 .v 12 


- 

5.7 

- 


Balance (B-Y, R-Y) 

V7,vn 


- 

5.0 

- 


B-Y, G-Y, R-Y Outputs 

V8, 9, 10 


4.2 

5.0 

5.8 


9, 11, 12 

Difference Outputs* 

AV 8 AV 9 
AV 10 


-0.3 

- 

0.3 

9 

Chroma Inputs 

Vl4,V 15 


- 

3.0 

- 

Tint Ampl. Balance 

Vl6 


- 

4.7 

- 

Currents: 

Tint Ampl. Output (min.) 

1 'j(min.) 

< 

o> 

11 

00 

< 

0.16 

0.37 

_ 

mA 


Total Supply 

h + »13 


15 

24 

33 

Dynamic Characteristics 

Tint Amplifier Output 

Sensitivity 


V 3 = 7 mV (RMS) 

160 

250 


mV 

(RMS) 

10 

Limiting Knee 

Vi 

V3 = 35m V (RMS) 

- 

300 

- 

Limiting 

V 3 = 350m V (RMS) 

- 

- 

380 

Tint Ampl. Phase Ref, A 

*6 

V3 = 70m V (RMS) 

185 

220 

235 

deg. 

Tint Ampl. Phase Shift! 

A0 6 

V 3 = 70mV (RMS) 

90 

105 

- 

deg. 

Demodulated Chroma Output: 

R-Y 

VlO 

V3 = 70mV (RMS) 
V-J4 = 35m V (RMS) 

150 

250 

_ 

V(RMS) 

Ratio of G-Y to R-Y 

V 9/ v 10 

0.28 

0.36 

0.44 

Ratio of B-Y to R-Y 

V 8/Vl0 

1.0 

1.2 

1.4 

Color Difference Output 

BW at 3.3 dB 

BWoiff. 

450 

550 

- 

kHz 

Color Difference Outputs (max. input signals): 

R-Y 

v 10 

V 3 = 70m V (RMS) 

Vi a - 919m V 

_ 

3.0 

_ 

v p-p 

G-Y 

v 9 

- 

1.1 

- 

B-Y 

v 8 


- 

3.6 

- 

Small Signal Input Resistance 

Terminal No. 3 



_ 

550 

_ 

n 

Terminal Nos. 6 & 12 


- 

22 

- 

Small Signal Output Resistance 

Terminal Nos. 8, 9, & 10 

L — 



5 

- 



1 . The reference subcarrier input {V3) is a 3.58 MHz CW 
signal from a 50H source. 

2. The chroma input (v-14) is a 3.53 MHz CW signal from 
a 50n source. 

3. Phase and amplitude at terminal Nos. 1, 3. 6 and 12 


Signals at terminal Nos. 8, 9, and 10 are measured with 
an ac voltmeter (HP400E or equivalent) or an oscillo- 
scope. 

Unless otherwise noted the Tint control is at max- 
imum resistance. 


CA3067 

MAXIMUM RATINGS, Absolute-Maximum Values at 
T A =25°C 

Supply Voltages and Currents (see charts below) 

Device Dissipation: 

Up to Ta = 70°C 600 mW 

Above Ta = 70°C . . . . derate linearly 7.7 mW/°C 
Ambient Temperature Range: 

Operating -40 to +85 °C 

Storage . .-65 to +150 °C 

Lead Temperature (During soldering for 
10s max. at not less than 1/32" from package) . . . +265 °C 
Voltage with respect to 
Terminal No. 5 Current 


Terminal 

No. 

*i 

(mA) 

*0 

(mA) 

6 

3 

3 

7 

3 

3 

8 

20 

20 

9 

20 

20 

10 

20 

20 

11 

3 

3 

12 

3 

3 

13 

50 

1 

14 

1 

0.1 

15 

6 

2 

16 

N3 

N3 

1 

3 

3 

2 

3 

0.1 

3 

3 

3 

4 

20 

0.1 


Terminal 

No. 

Vmin. 

(volts) 

Vmex. 

(volts) 

6 

0 

N2 

7 

0 

N2 

8 

0 

N2 

9 

0 

N2 

10 

0 

N2 

11 

0 

N2 

12 

0 

N2 

13 

0 

12 

14 

-3 

N2 

15 

0 

N2 

16 

N3 

N3 

1 

0 

15 

2 

0 , 

N2 

3 

0 

5 

4 

N1 I 


N1 Terminal No. 4 is connected to a zener reference 
element, that, if used, should be biased by a positive 
voltage through a resistor that limits the current to a 
value which is less than the maximum current rating of 
terminal No. 4. 

N2 The upper voltage limit cannot exceed the power 
supply input voltage at terminal 13. 

N3 Terminal No. 16 should be bypassed for normal 
operation. 



Fig. 8 - DC voltage at color-difference outputs vs supply 
voltage for CA3067. 



MCS -17505 

Fig. 9 - Temperature drift of DC voltage at color-difference 
outputs for C A 3067. 
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LINEAR INTEGRATED CIRCUITS 


CA3068 


Television Video IF System 


RCA-CA3068 is a monolithic integrated circuit that in- 
corporates an entire video TV-IF subsystem on a single chip. 
Innovations in integrated circuit design, in addition to the 
many active devices and closely matched components uti- 
lized in the circuit, make the CA3068 ideally suited for use 
in color and black-and-white TV receivers. 

The primary functions performed by the IF subsystem are 
video IF amplification, linear detection, video output ampli- 
fication, AGC from a keyed supply, AGC delay for tuner, 
sound carrier detection, sound carrier amplification, and a 
buffered AFT output. The advanced circuit design of the 
CA3068 also includes secondary functions for improved 


noise immunity and minimal airplane flutter. An isolated 
zener reference diode, incorporated in the 1C, provides a 
convenient and economical means for controlling the regu- 
lated voltage supply. The inherent wide bandwidth capability 
{10-70 MHz) and high overall gain (87 dB) make the CA3068 
suitable for other AM IF applications whose frequencies 
range within this bandwidth. 

The CA3068 utilizes a unique 20-lead quad-in-line plastic 
package. This package also includes a wrap-around shield 
that serves to minimize interlead capacitances. 


MAXIMUM RATINGS, Absolute Maximum Values , at T A = 25° C 
DC Supply Voltage: 

Between Terminals 1 5 and 5* 

Terminal 7 (Collector to ground) 

Terminal 9 (Collector to ground) 

DC Current (into Terminal 18) 

Device Dissipation: 

Up to Ta = 60° C 

Above Ta~60°C 


W.3 

V 

20 

V 

20 

V 

2 

mA 

600 

mW 

derate linearly 6. 

.7 mW/°C 


FEATURES: 

* High-gain wide-band IF amplifier: 75 dB typ. at 45 MHz 

■ Gain reduction with excellent stability: 50 dB typ. at 45 ft 

■ Video detector with linear characteristics 

* Video amplifier: 12 dB gain 

■ Impulse noise limiter 

■ Keyed AGC with noise immunity circuits 

■ Delayed AGC for tuner 

■ Buffered AFT output 

■ Separate sound IF intercarrier 
amplification 

■ Sound carrier detector 

■ 4.5 MHz sound carrier amplifier 

■ Isolated zener reference diode for 
regulated voltage supply 

■ See ICAN-6303, "A Single 1C for 
the Complete PIX-IF System in 

TV Receivers" for Schematic Diagram 


Ambient Temperature Range: 

Operating -40 to +85 °C 

Storage -65 to +150 °C 

Lead Temperature (During soldering): 

At distance not less than 1/32" (0.79 mm) from case for 10 seconds max +265 °C 


* This rating does not apply when using the internal zener reference in 
conjunction with the pass transistor. 



4 1 

4 

VT 

n 


^.OIpF 6.8K 

(|) y (T 

i> i 

D (|) (j) <|) 

CA3068 

d) i) i) d 
© 

i) i) d) i) d) i 

ALL RESISTANCE VALUES 

ARE IN OHMS 

~ 92CS-I7543 



R ( *50 KH POTENTIOMETER 

L| =2.2 p H'- ADJUST No OF TURNS FOR ALIGNMENT 
L2»I.S pH: ADJUST No OF TURNS FOR ALIGNMENT 
C S I pF ADJUST FOR PROPER ALIGNMENT 

ALL RESISTANCE VALUES ARE IN OHMS 
UNLESS OTHERWISE INDICATED, ALL CAPACITANCE VALUES: 
LESS THAN 1.0 ARE IN MICROFARADS 
10 OR GREATER ARE IN PICOFARADS 


H.P. 608C 
OR EQUIVALENT 
RF GENERATOR 


-© 

) 

-© 


92CS-I7537RI 


(a) Test setup for measurement of video sensitivity, sync, tip level, delay bias, AFT drive voltage. 



ALL RESISTANCE VALUES ARE IN OHMS 

2 -ADJUST LEVEL V SO THAT 
THE STEP (a-b) AT VIDEO 
OUTPUT TERM. IS 3 VOLTS. 
APPLY ONLY 45.75 MHz TO 
ADJUST STEP WAVEFORM. 

92CS-I/5S8 

(b) Test setup for measurement of sound and chroma outputs. 


Fig. 2 - Test circuit for measurement of white level (Vjg) and terminal 2 voltage (V 2 ). 


Fig. 3 - Typical dynamic test circuit diagrams. 
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LINEAR INTEGRATED CIRCUITS 


CA3068 


ELECTRICAL CHARACTERISTICS « T A - 2S°C 




TEST CONDITIONS 

[ LIMITS 


CHARACTERISTIC 

SYMBOL 


Min. 

Typ. 

Max. 

UNITS 

| Static (DC) Characteristics f 

Quiescent Circuit Current 

■l5 

- 

15 

- 

45 

mA 

DC Voltages: 







Terminal 2 (Sound) 

V 2 

- 

- 

6 

- 

V 

Terminal 3 (Keying Input) 

v 3 

- 

6.4 

_ 

10 

V 

Terminal 7 (1) (AGC) 

v 7 

- 

16 

- 

21 

V 

Terminal 7 (2) (AGC) 

V 7 

- 


1 

- 

V 

Terminal 8 (AGC Delay) 

v 8 

- 


4 

- 

V 

Terminal 9 (Cascode Collector) 

v 9 

- 

- 

8.5 

- 

V 

Terminal 16 (Bias) 

V16 

- 

1.1 

- 

2.3 

y 

Terminal 18 (Zener) 

Vi 8 

V 5 = V 17 = 0 V, l 18 = 1 mA 

10.6 

11.9 

13.2 

V 

Terminal 19 (White Level) 

Vl9 


6 

- 

10 

V 

[ Dynamic Characteristics | 

Video Sensitivity 

e l 

f 0 = 45.75 MHz, Mod. (AM) = 85% 

40 

100 

200 

pV 



at 400 Hz; Adjust e| for 4 V p . p at 
Term. 19 





Sync. Tip Level Voltage 

V 19 

f G = 45.75 MHz. ej(CW) - 10 mV 

0.4 

0.8 

1.6 

V 

Automatic Fine Tuning (AFT) 
Drive Level Voltage 

V 14 


- 

15 

- 

mV 

Delay Bias Voltage. 

V 7 






At e| = 10 mV 


f 0 = 45.75 MHz. e|(CW) - 20 mV; 

16 

_ 

_ 

V 

At e| = 30 mV 


Adjust Ri for V 7 = 14 V 

0.5 

- 

2 

V 

3.58 MHz Chroma Output 

v 19 

f 0 = 45.75 MHz, e|(step mod.) = 





Voltage 


10 mV; 

fl = 42.17 MHz, e| (step mod.) = 

0.5 

0.8 

- 

V 



3.33 mV 





4.5-MHz Sound Output Voltage 

V 2 

f Q = 45.75 MHz, ej(step mod.) = 

10 mV; 

f 2 = 41.25 MHz, e| (step mod.) = 

50 

200 

- 

mV 



2.5 mV 





Parallel Input Impedance: 







Resistance at Term. 6 

R |-6 


4 

- 

- 


Capacitance at Term. 6 

C| - 6 

f Q = 45.75 MHz 

- 

2 

- 

pF 


R |_12 





Resistance at Term. 12 


- 

4.5 

- 

kfi 

Capacitance at Term. 12 

C |— 12 

Impedance and Admittance 

- 

4 

- 

pF 

Resistance at Term. 13 

Capacitance at Term. 13 

R| 13 

measured at bias conditions 
as developed by circuit 

- 

5 

- 

ktt 

pF 

C|-13 

shown in Fig. 7 

“ 

4 

- 

Parallel Output Impedance: 







Resistance at Term. 9 

RO-9 


30 

- 

- 

k n 

Capacitance at Term. 9 

CO-9 


- 

3 

- 

pF 

Cascode Transfer Characteristics: 







Magnitude of Forward 

Ini 


- 

50 

- 

mmho 

Transadmittance 







Reverse Transfer Capacitance 

Cr 


- 

0.001 

- 

PF 



Fig. 4 - Test circuit for measurement of quiescent current 
( 1 15 ), keying terminal voltage (Vs), bias voltage (Vjg), AGC 
terminal voltage 1 (Vj), and cascode collector voltage (Vg) 


V + *II.3V 



Fig. 5 - Test circuit for measurement of AGC terminal 
voltage 2 (Vy) and terminal 8 voltage (Vg). 
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LINEAR INTEGRATED CIRCUITS 


CA3070, CA3071, CA3072 


Television Chroma System 


The RCA CA3070, CA3071, and CA3072 are monolithic 
silicon integrated circuits that constitute a complete chroma 
system for color television receivers. The CA3070 is a 
complete subcarrier regeneration system featuring a new 
concept of phase control applied to the oscillator circuit. The 
CA3071 is a chroma amplifier system and the CA3072 


performs the demodulation function. 

The CA3070 utilizes the 16-lead plastic dual-in-line package; 
the CA3071 and CA3072 are supplied 14-lead plastic 
dual-in-line packages. 


SYSTEM FEATURES 

CA3070 

■ Voltage Controlled Oscillator 

■ Keyed APC & ACC Detectors 

■ DC Hue Control 

■ Shunt Regulator 

CA3071 


■ ACC Controlled Chroma Amplifier 

■ DC Chroma Gain Control 


C A 3070 

Chroma Signal Processor 


The CA3070 is a complete subcarrier regeneration system 
with automatic phase control applied to the oscillator. An 
amplified chroma, signal from the CA3071 is applied to 
terminals No. 13 and No. 14, which are the automatic phase 
control (APC) and the automatic chroma control (ACC) in- 
puts. APC and ACC detection is keyed by the horizontal 
pulse which also inhibits the oscillator output amplifier 
during the burst interval. 

The ACC system uses a synchronous detector to develop a 
correction voltage at the differential output terminal Nos. 15 
& 16: This control signal is applied to the input terminal Nos. 
1 & 14 of the CA3071. The APC system also uses a synchro- 
nous detector. The APC error voltage is internally coupled to 
the 3.58 MHz oscillator at balance; the phase of the signal at 
terminal No. 13 is in quadrature with the oscillator. 

To accomplish phasing requirements, an RC phase shift 
network is used between the chroma input and terminal Nos. 
13 and 14. The feedback loop of the oscillator is from 
terminal Nos. 7 and 8 back to No. 6. The same oscillator 
signal is available at terminal Nos. 7 and 8, but thedc output 
of the APC detector controls the relative signal levels at 
terminal Nos. 7 or 8. Because the output at terminal No. 8 
is shifted in phase compared to the output at terminal No. 7, 
which is applied directly to the crystal circuit, control of the 
relative amplitudes at terminal Nos. 7 and 8 alters the phase 
in the feedback loop, thereby changing the frequency of the 
crystal oscillator. Balance adjustments of dc offsets are 
provided to establish an initial no-signal offset control in the 
ACC output, and a no-signal, on-frequency adjustment 
through the APC detector-amplifier circuit which controls 
the oscillator frequency. The oscillator output stage is 
differentially controlled at terminal Nos. 2 and 3 by the hue 
control input to terminal No. 1. The hue phase shift is 
accomplished by the external R, L, and C components that 
couple the oscillator output to the demodulator input 
terminals. The CA3070 includes a shunt regulator to establish 
a 12-volt dc supply. 

Maximum Voltage and Current Ratings at Ta - +25°C 


Voltage* 


T erminal 

Min. 

Max. 

No. 

Volts 

Volts 

1 

0 

* 

2 

0 

+16 

3 

0 

+16 

4 

-5 

N2 

6 

- 

- 

7 

■- 

- 

8 

- 

- 

10 

0 

N3 

11 

0 

N1 

12 

0 

N1 

13 

0 

N1 

14 

0 

N1 

15 

0 

+16 

16 

0 

+16 


Current 


Terminal 

'1 

'O 

No. 

mA 

mA 

1 

20 

1 

2 

- 

_ 

3 

- 

- 

4 

20 

1 

10 

N3 

1 

11 

- 

- 

12 

- 

- 

13 

20 

1 

14 

20 

1 


* With respect to terminal 
No.5 and with terminal 
No. 10 connected through 
470H to +24 V. 

N1 Regulated voltage at termi- 
nal No. 10. 

N2 Controlled by max. input 
current 

N3-Limited by dissipation. 


CHROMA | 
INPUT , 


■ Color Killer 

■ Amplifier Short-Circuit Protection 

CA3072 

■ Synchronous Detector with Color Difference Matrix 

■ Emitter-Follower Output Amplifiers with Short-Circuit 

Protection 



Fig. 1 - Simplified block diagram of TV chroma system. 


92CL-I7574RI 
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LINEAR INTEGRATED CIRCUITS 


CA3070, CA3071, CA3072 


MAXIMUM RATINGS, Absolute Maximum-Values at T A = 25° C 
Device Dissipation: 

Up to Ta = +7Q°C 530 mW 

Above Ta = +70° C . . - Derate Linearly at 6.7 mW/° C 
Ambient Temperature Range: 

Operating —40 to +85 °C 

Storage —65 to +150 °C 

Lead Temperature (During Soldering): 

At distance 1/32 in.. (3. 17 mm) from seating plane 
for 10 s max +265 °C 


ELECTRICAL CHARACTERISTICS, at Ta = 25° C and V + = +24 V unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

LIMITS 

UNITS 

TEST 

CIRCUITS 

CA3070 

MIN. 

TYP. 

MAX. 

FIG. 

Static Characteristics 

Voltage: 

Hue Control 

Vi 

Switch in position 2 

6.9 

7.7 

8.6 

V 

3c 

Oscillator Input 

V 6 


- 

2.8 

- 

3a 

APC Input 

Vl3 


- 

6.5 

- 

Regulator 

vio 

V+ = 21 V 

11 

12.3 

13.5 

Regulator Change 

VlO 

V+ * 27 V 

- 0.2 

- 

+ 0.2 

Horizontal Key Input 

v 4 

l 4 = -10^A 

5 

- 

- 

Currents: 

Oscillator Output 

*2 


_ 

5.8 

_ 

mA 

3c 

APC Output 

hi. '12 


- 

1.45 

- 

3b 

ACC Output 

*15. *16 


- 

1.45 

- 


Dynamic Characteristics 


Oscillator Outputs: 

Terminal No. 2 

V 2 

Si in position 1 

H 

H 

■ 

1 

■ 

Terminal No. 3 

V3 

Si in position 2 


na 


ACC Detected Output 

V 1 6 — V 1 5 

Si in position 1 

115 

150 

- 

mm 

4 

Oscillator Pull-In Range 



- 

QS3I 

- 

H Z 

4 


(p (p (p (|) (p (p 



VW 

zona 

(j) 

)®0C 

CA3070 

® 0 

470 a 
WV — 1 

>) ^ ( 13 ) (j4) ^ ^ 



12 KO 

J 50 xa 1 

(“) (p (p 

2 l{ 2 T 2 1 

6 ° 6 ° < 

(j) y ( 

CA3070 

(®) 0 (y) 

470 ft P 

-■ — Wv * 

(iz) (4) (i) (i) ( 

lif 2 1T2 Ij 

f ° f j 


I 


J 


9ZCS- 17577 

Fig. 3 - Static characteristics test circuits. 



I. AU. RESISTANCES IN OHMS. 


2. UNLESS OTHERWISE SPECIFIED ALL CAPACITANCES 
ARE IN MICROFARADS. 

3. vj 8 Vj MEAS'D WITH LOW-CAPACITY SCOPE 
PROBE S 20 pF. 

Fig. 4 - CA3070 Dynamic test circuit. 


Dynamic Test Initial Adjustments 

1. APC ADJUST: With S2 in "OFF" position adjust the 
"APC ADJ" potentiometer to set oscillator frequency at 
3.579545MHz ±25 Hz. With SI in position 1 measure 
frequency at terminal No. 2 output, using crystal probe 
shown in Fig. 6 . 

2. ACC ADJUST: With S2 in "OFF" position adjust "ACC 
ADJ" potentiometer to give an ACC output reading of 
0 ±2 mV. 

Procedure to Pull-in Range Measurement 

1 . Set SI in position 1 and connect the crystal probe to 
terminal No. 2. 

2. Turn S2 to "OFF" and set "APC ADJ." arm to ground. 

3. Turn S2 to "ON" and gradually adjust "APC ADJ" until 
oscillator "locks" as witnessed by a sharp increase in ACC 
output voltage between terminal Nos. 15 and 16. 

4. Turn S2 to ''OFF" and adjust capacitor Cp of crystal 
probe for maximum deflection on Ballantine Meter. 

5. Switch Ballantine meter to "Amplifier" position and read 
oscillator frequency on counter. 

6 . Repeat steps 2-5 with "APC ADJ" arm set to terminal 
No. 10 instead of to ground. 


CRYSTAL (3.579545 MHz) 

HO 


CpJ^3-26pF >51 oj 


BALLANTINE 

314 

AMPL 


:r ^ 


92CS- 17579 


Fig. 5 - Crystal probe for frequency measurements. 


186 





















LINEAR INTEGRATED CIRCUITS 


CA3070, CA3071, CA3072 

CA3071 Chroma Amplifier 


The CA3071 is a combined two-stage chroma amplifier and 
functional control circuit. The input signal is received from 
the video amplifier and applied to terminal No. 2 of the 
input amplifier stage. The first amplifier stage is part of the 
ACC system and is controlled by differential adjustment 
from the ACC input terminal Nos. 1 and 14. The output of 
the 1st amplifier is directed to terminal No. 6 from where 
the signal may be applied to the ACC detection system of 
the CA3070 or an equivalent circuit. The output at terminal 
No. 6 is also applied to terminal No. 7 which is the input to 
the 2nd amplifier stage. Another output of the 1st amplifier 
at terminal No. 13 is directed to the killer adjustment circuit. 


The dc voltage level at terminal No. 13 rises as the ACC 
differential voltage decreases with a reduction in the burst 
amplitude. At a pre-set condition determined by the killer 
adjustment resistor the killer circuit is activated and causes 
the 2nd chroma amplifier stage to be cut off. The 2nd 
chroma amplifier stage is also gain controlled by the 
adjustment of dc voltage at terminal No. 10. The output of 
the 2nd chroma amplifier stage is available at terminal No. 9. 
The typical output termination circuit that is shown, 
provides differential chroma drive signal to the demodulator 
circuit. Both amplifier outputs utilize emitter-followers with 
short-circuit protection. 


MAXIMUM RATINGS, Absolute Maxi mum- Values at Ta * 25° C 
DC Supply Voltage (Terminal 8 

to Terminal 4) • 30 VDC 

Device Dissipation: 

UptoT A = +70°C 530 mW 

Above T A = +70° C .... Derate Linearly at 6.7 mW/°C 
Ambient Temperature Range: 

Operating / . . . -40 to -*-85 °C 

Storage -65 to +150 °C 

Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) 

from seating plane for 10 s max +265 °C 



ELECTRICAL CHARACTERISTICS, at T A » 25° C 





LIMITS 


CURVES 

CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

CA3071 

UNITS 

CIRCUITS 


(Measure) 


MIN. | TYP | MAX. 


FIG 


Static Characteristics 


Voltages 

Bias Reference Terminal 

V|2 

Si Open. S 2 Open 


— 

173 

_ 



Ampl No 1 Chroma 

Input 

V 2 

Si Open, S 2 Open 

- 

1 75 

- 



Ampl No 1 Chroma 
Output Balanced 

V6 

Si Open, S 2 Open 

- 

20 

- 

V 

7 

Unbalanced 

v 6 

Si Open, S 2 Closed 

- 

135 

- 



Ampl No 2 Chroma 

Input 

v? 

Si Open. S 2 Open 

- 

1.5 

- 



Ampl. No 2 Chroma 
Output 

v 9 

Si Closed, S 2 Open 

- 

206 

- 



Supply Current 

it 

Si Open, S 2 Open 

17 

24.5 

31 

mA 



Dynamic Character istics 


Amplifier No 1 Voltage Gain 

A V1 

Eg - 30 mVRMS Measure vg 

14 

- 


dB 

8 

Amplifier No 2 Voltage 

Gain 

a V2 

V g 10V (RMS) Measure V7 

- 

14 


dB 

Max Chroma Output 

Voltage 

v 9 


_ 

2 

_ 

vrms 

11 

10% Chroma Gain Control 
Reference Voltage 

v 8 -v 10 

Eg = 50 mVRMS. adjust Chroma 
Gam Control to Change Vg to 
10% of Maximum Chroma 
Output 

2.1 

3.8 

6.8 

V 

8 

Output Voltage, Killer Off 

v 9 

Si in Position 2 
fcg = 50 mVRMS. adjust "Killer 
Adjust" for an abrupt decrease 
in Vg 


- 

12 

mV 

RMS 

Output Voltage. Chroma Off 

v 9 

Eg = 50 mVRMS. adjust Chroma 
control to min Chroma Output 

- 

- 

12 

mV 

RMS 

Bandwidth: 

Amplifier No. 1 

BW 


. 

12 


MH; 

9, 10 

Amplifier No. 2 


- 

30 

- 

Ampl. No. 1 Input 

Impedance 

r jl 


- 

2 

- 

k!2 

8 

c,l 


- 

4 

- 

pF 

Ampl. No. 1 Output 
Impedance 

r 0 l 


- 

85 

- 

SZ 

Ampl. No. 2 Input 

Impedance 

r f 2 


- 

Ti 

- 

ktt 

Ci2 


- 

35 

- 

pF 

Ampl. No. 2 Output 
Impedance 

r o2 


- 

85 

- 

il 


Maximum Voltage and Current Ratings 
Current 


© T A - +25°C 
Voltage* 


Terminal 

No. 

*1 

mA 

»o 

mA 

1 

5 

1.0 

2 

5 

1.0 

3 

10 

10 

6 

1.0 

20 

7 

5 

1.0 

9 

1.0 

20 

12 

1.0 

5 

14 

5 

1.0 


With reference to 
terminal No. 4 and 
with +24 V on terminal 
No. 8 except for the 
rating given for terminal 
No. 8. 


Terminal 

MIN 

MAX 

No. 

VOLTS 

VOLTS 

1 

-5 

+15 

2 

-5 

+5 

3 

0 

+2 

6 

0 

+24 

7 

-5 

+5 

8 

0 

+30 

9 

0 

+24 

10 

0 

+24 

11 

0 

+24 

12 | 

0 

+20 

13 

0 

+20 

14 j 

-5 

+15 




1. SWITCH SI IN POSITION I UNLESS OTHERWISE NOTED 
IN TABLE OP DYNAMIC CHARACTERISTICS 

2. CHROMA GAIN CONTROL SET TO GROUND UNLESS OTHERWISE 
NOTED IN TABLE OF DYNAMIC CHARACTERISTICS 

3. ALL RESISTANCES IN OHMS 

«. AL^ CAPAglTANCES ARE IN MICRO FARADS UNLESS OTHERWISE % 

Fig. 8 - Dynamic characteristics circuit-CA3071 . 
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AMtUN 

LOSS* 

T TEMPERATURE 
KILLER CONTRO 
QU(*C ICS UR TO 
M (TERMINAL 

1 

T*|.*9*C 

Ll Bully clockwise 
15 MHl, NETWORK 
•ft S-T) 

JJ 1 


— 





AMPLIFIER 

(TERMINAL 

n 2-4) 




t r* - 


v I 

AMPLIFIER Me 2 
(TERMINAL Nee 1 











| | 







FREQUENCY— MM| 



UNLfU OTHERWISE 


Fig. 10— Frequency response for 
wideband amplifier CA3071. 


Fig. 11 — Typical CA3071 wideband 
amplifier linearity 


Fig. 9 - CA3071 Wideband amplifier 
circuit. 


CA3072 Chroma Demodulator 

The CA3072 has two sets of synchronous detectors with 
matrix circuits to achieve the R-Y, G-Y, and B-Y color 
difference output signals. The chroma input signal is applied 
to terminal Nos. 3 and 4 while the oscillator injection signal 
is applied to terminal Nos. 6 and 7. The color difference 
signals, after matrix, have a fixed relationship of amplitude 
and phase nominally equal dc voltage levels. The outputs 
of the CA3072 are suitable for driving high level color 
difference or R, G, B output amplifiers. Emitter-follower 
output stages used to drive the high level color amplifiers 
have short-circuit protection. 

MAXIMUM RATINGS, Absolute Maximum-Values at T A *25PC 

DC Supply Voltage (Terminal 8 to Terminal 14 ) 27 V 

Reference Input Voltage 5 Vp. p 

Chroma Input Voltage 5 Vp_ p 

Device Dissipation: 

Up to T A - +70°C 530 mW 

Above T A • +70°C Derate Linearly at 6.7 mW/oC 

Ambient Temperature Range: 

Operating "40 to +85°C 

Storage 66 to +150°C 

Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) from seating plane 
for 10 s max +266°C 


Maximum Voltage and Current Ratings 
at T A - +25 OC 


Voltage* 


Current 


Terminal 

No. 

MIN 

VOLTS 

MAX 

VOLTS 

3 

0 

+5 

4 

0 

+5 

6 

0 

+12 

7 

0 

+12 

8 

0 

+27 

9 

0 

+20 

it ! 

0 

+20 

13 

0 

+20 


Terminal 

No. 

mA 

lo 

mA 

3 

_ 

- 

4 

- 

- 

6 

_ 

_ 

7 

- 

- 

8 

_ 

- 

9 

1.0 

20 

11 j 

1.0 

20 

13 

1.0 

20 


*With reference to terminal No. 14 and 
with the voltage between terminal No. 8 
and terminal No. 14 at +24 V except as 
given in rating for terminal No. 8. 




ELECTRICAL CHARACTERISTICS, at T A m 25° C and V + ■ +24 V unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

LIMITS 

CA3072 

UNITS 

TEST 

CIRCUITS 

j 



| MIN. ] 

| TYP. 

1 MAX. 


FIG. 

Static Characteristics 







Fig. 13 — Static characteristics test circuit-CA3072. 


Supply Current 








With Output Loads 

'T 

Si Closed 

16.5 

- 

26.5 

mA 


With No Output Loads 


Si Open 

- 

9 



G Y. R-Y, B Y Outputs 

Vg. v n- V 13 

Si Closed 

13.2 

14.7 

15.8 


13 

Chroma Inputs 

V3. V 4 

Si Open 

- 

3.3 

- 

V 


Reference Subcarrier 

v 6 . V 7 

Si Open 

- 

6.2 

- 



Dynamic Characteristics 

Demodulator Unbalance 

*9>ii>i3 

V 3 = V 4 = 0 

- 


0.8 

Vp. p 


Maximum Color Difference 

V 1 3 


8.0 

_ 

- 



Output Voltage 

V 11 

V 3 - V 4 - 0.6 Vp.p 

5.5 

- 

- 




v 9 


1.2 

- 

- 



Chroma Input Sensitivity 

*3 

Adjust ec for 5.0 v p . p @ term 

No. 13 (B-Y) 

- 

0.2 

0.35 

Vp.p 


Relative R-Y Output 

V 11 

3.5 

- 

4.2 



Relative G-Y Output 

v 9 


0.75 

- 

1.25 




IVgl-IVnl 






14 

Vqc Difference Between 
any two Output Terminals 

|Vg| — |V 13 | 

ec = 0 

- 

- 

0.6 

V 


IV11I-IV13I 







Input Impedance 

r;6, 7 


- 

1.7 

- 

k ft 


Reference Subcarrier Inputs 

Cj6, 7 


- 

e 

- 

PF 


Input Impedance at 

rj3, 4 


- 

0.95 

- 



Chroma Inputs 

cj3, 4 


- 

6 

- 

pF 


Output Resistance 

r 0 9, r 0 1 1, 

r 0 13 


- 

180 

- 

n 
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Fig. 15 - Typical chroma system for color-TV receivers utilizing RCACA3070, CA3071, and CA3072. 



Fig. 14 - Dynamic characteristics test circuit for CA3072. 


Application Information 

TYPICAL APPLICATION CIRCUIT FOR THE CHROMA 
SYSTEM 

The circuit of Fig. is i is a complete signal processing system 
for color TV. The RCA types CA3070, CA3071 and C A 30 7 2 
monolithic integrated circuits are respectively used as the 
subcarrier regenerator, chroma amplifier, and chroma 
demodulator. 

The input to the system is the chroma signal which may be 
taken from the first or second video stage and is coupled into 
the CA3071 chroma amplifier through a bandpass filter. The 
outputs from the system are the color difference signals 
which are intended to drive high level amplifiers. Luminance 
mixing may be external to the picture tube or, the difference 
signals may be amplified and applied to the picture tube grid 
or cathode, where they are internally mixed with the 
luminance signal. 

Other input requirements to the system are the power supply 
voltage of +24 volts and the horizontal keying pulse. The 
power supply voltage should be maintained within ±3 volts 
of the recommended value of +24 volts. The total current for 
the system is approximately 70 milliamperes. The horizontal 
keying pulse input to the subcarrier regenerator is approxi- 
mately +4 volts peak and centered on the burst as seen at 
terminal Nos. 13 and 14 of the CA3070. The pulse width 
should be maintained as close as possible to the recom- 
mended value of 4.5 microseconds. 

CA3070 Circuit Operation 

The CA3Q70 circuit as shown in Fig. 2, consists of an 
oscillator, automatic phase control (APC) detector, auto 
matic chroma control (ACC) detector, gated oscillator 
output amplifier and a shunt regulator. The shunt regulator 
provides the necessary bias stability for the 3.579545 MHz 
oscillator, as well as the bias to all functions of the CA3070 
circuit. The regulation voltage is nominally +12 volts as 
measured at terminal No. 10. 

The APC and ACC detectors are synchronous detectors 
which are keyed by the horizontal input pulse. This form of 
detection eliminates the need for a burst separator as an 
individual amplifier stage. When a positive pulse is present at 
terminal No. 4, the oscillator output is cutoff and the 
oscillator drive signal is diverted to the APC and ACC 
detectors. Referring to Fig. 2, the APC detector (Qg & Qjo> 
and the ACC detector (Q5 & 0$) are emitter driven from the 



Fig. 16(a) - CA3070 terminal No. 1 
7.5 V oscillator "gate off" pulse. 


oscillator transistor (Q17), when the oscillator output ampli- 
fier transistors (Q2 & Q3) are cutoff. The chroma signal is 
applied to terminal Nos. 13 and 14. There is oscillator 
current drive to the APC and ACC detectors during the 
keying interval; burst separation is effectively accomplished 
by the gating action of the detectors. A further advantage of 
the keying action is the high gain made possible as a result of 
the low average current flow of the APC and ACC detectors. 
High resistor values of 62 kilohms at the detector output 
terminals provide proper detector bias consistent with the 
duty factor of the keying pulse. For a wider keying pulse, it 
is necessary that smaller values of detector load resistors be 
used. 

In the absence of the keying pulse (line period), the resistor, 
R20. biases the oscillator's output amplifier transistors (Q2 & 
Q3) on by keeping their emitters at a higher potential than 
the base bias voltages of Q5, Qg, Qg, and Q-|0- The 3.58 
MHz signal is now present at terminal Nos. 2 & 3. 
Photographs of oscilloscope traces for one line period at the 
terminal Nos. 1, 2, and 3 are shown in Fig. 1 6. The effect of 
the keying pulse is shown in Fig.1 6a, and the cutoff of the 
oscillator output amplifier is shown in Fig. 1 6(b) and 16c. 

The oscillator section of the CA3070 consists of the loop 
formed by Qig and the emitter driven differentia! pair, Q13 
& Qj4. The signal output from terminal Nos. 7 & 8 is 
coupled through the series tuned crystal circuit back through 
terminal No. 6 to Qig & Q17. The collector of Q17 drives 
the oscillator output amplifier and the APC & ACC de- 
tectors. Q17 is emitter coupled to transistor Qjg. The 
oscillator frequency and phase control is accomplished by 



Fig. 16(h) -CA3070 terminal No. 2, 3.5 V p . p oscillator 
output; one horizontal line, (gated off during burst). 


the differential drive from the APC detector to transistors 
Q-J2 $ Q]5 which control the balance of Q13 & Q14. The 
resulting phase of the feedback loop is determined by the 
relative amplitudes of the oscillator output signal at terminal 
Nos. 7 and 8. The 65 pF capacitor between terminal No. 7 
and 8 provides the phase shifting component as the balance 
of 0*13 and Q14 is varied. In this way the APC detector 
controls the crystal frequency at which the phase shift is 
cancelled in the feedback loop. 

The controls for the CA3070 subcarrier regenerator circuit 
are the APC balance, the ACC balance, and the hue control. 
The hue control is a dc balance adjustment of the oscillator 
output amplif ier transistors Q2 & Q3. A phase delay network 
between the output terminals Nos. 2 & 3 determines the 
range of the hue control, which for the value shown in Fig. 

1 5, is approximately 90°. 

The ACC adjustment sets the initial balance of the ACC drive 
to the input of the CA3071 in Fig. 15 (terminal Nos. 1 and 
14 of the CA3071). The APC is a frequency adjustment of 
the oscillator through the balance control of the APC 
detector. 

As a setup adjustment, for both the ACC and APC, switch SI 
is opened and S2 is closed. The chroma input to the system is 
removed and the dc voltage at terminal No. 6 of the CA3071 
is noted. The switch S2 is then opened and the ACC adjusted 
to set the voltage at terminal No. 6 to that previously noted. 
Alternatively, the differential dc voltage at terminal Nos. 15 
& 16 of the CA3070 may be set to 0 mV (±2 mV) when SI 
and S2 are open, and the CA3071 is removed from the 
circuit. 



Fig. 16(c) ~ CA3070 terminal No. 3, 2.0 V p . p oscillator 
output; one horizontal line, (gated off during burst). 
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With the chroma signal still removed, the APC adjustment 
sets the frequency of the oscillator to 3.579545 MHz. Due to 
the gated off interval, a counter will not accurately record 
the frequency at the oscillator output amplifier terminals. 
Two simple and accurate methods are as follows: (1) a 
buffered crystal filter circuit, connected to the oscillator 
output amplifier terminals will continue to ring and fill 
the gated off window providing the proper interface to a 
counter; (2) the other method involves monitoring the 
demodulated output at the color difference output terminals 
of the CA3072. A zero beat signal, at the color difference 
outputs may be seen on an oscilloscope. 

When these adjustments are made, similar oscilloscope traces 
should be seen as shown in Fig. 1 7. 


CA3071 CIRCUIT OPERATION 

The CA3071 ft the basic amplifier and control circuit of the 
chroma system! It contains the gain control functions of the 
ACC loop, the color killer, and the dc chroma gain control. 
The CA3071 is a wide band amplifier having two stages of 
voltage gain. Curves of frequency-response and linearity are 
shown in Figs. 1 0 & 1 1 for the wideband circuits shown in 
Fig. 9. This is the same basic amplifier as the one in the 
system shown in Fig. 15 except for the omission of the tuned 
circuits and the ACC loop connection. The amplifiers have 
bandwidths of greater than 10 MHz, and are usable well 
beyond 30 MHz. The signal swing of the wide band amplifier 
is in excess of 5 V p . p , even with the typical load coupling as 
shown in Fig. 1 5. Fig. 1 8 (a, b and c) show the oscilloscope 
traces for an NTSC signal at the chroma input. The overall 
frequency-response curves are shown in Fig. 1 9. 

CA3071 operation is as follows (Refer to Figs. 6 &1 5), The 
input chroma signal is applied to terminal No. 2. This signal 
is amplified in a cascode differential circuit from Q-|0 to Ql2 
and the output is an emitter follower, Qi 4 (Terminal No. 

6.) The signal is divided in the Qg & Q12 differential 
amplifier, depending on the applied ACC error signal ampli 
tude at terminal Nos. 1 & 14. The ACC error signal is de 
rived from terminal Nos. 15 & 16 of the CA3070 and after 
filtering, is applied to terminal Nos. 1 & 1 4 of the CA307 1 . 

At low signal drive, the 390 kilohm resistor at switch SI 
(normally closed) unbalances the differential amplifier for 
high signal gain through Q12* As the burst level at the 
chroma input increases, the ACC drive changes differentially 
in a positive direction at terminal No. 14 and a negative 
direction at terminal No. 14 and a negative direction 
at terminal No. 1. At strong signal levels the gain is 
reduced by diverting the balance of ac current in the 
differential amplifier from Q12 to Qg, which is shunted to 
ac ground at terminal Nos. 12 and 13. The ACC loop is 
completed through the chroma signal at terminal No. 6 of 
the CA3071 to terminal No. 14 (input) of the CA3070. A 
typical ACC characteristic is shown in Fig. 23. 

The chroma signal is buffer connected from terminal No. 6 
to terminal No. 7 of the CA3071 and is amplified in the 2nd 
stage of voltage gain. Both the color killer adjustment and the 
dc chroma gain control are applied to the 2nd stage to 
control the chroma output at terminal No. 9. The color killer 
section of the CA3071 is a Schmitt trigger & amplifier circuit 
consisting of transistors Q-|, Q2 and Q3. Under maximum 
chroma output conditions, the diode D2 is reversed biased, 
and the signal path is through Q15, Q4 and Q5 to terminal 
No. 9. When the color killer circuit is actuated, or the 
chroma gain control is adjusted to a higher positive voltage at 
terminal No. 10, the anode voltage of diode D2 is increased 
to draw current from the signal path at the emitter of Q4. 
This decreases the chroma gain as the potential at terminal 
No. 10 is increased. When the potential at terminal No. 10 
is the same as terminal No. 8, the chroma output at terminal 
9 is cutoff. 

The color killer circuit provides an abrupt voltage swing at 
the anode of D2 to cutoff the chroma output when the 
Schmitt trigger circuit is forward biased at terminal No. 13. 

In the circuit of Fig. 18, the color killer adjustment is a 
resistance divider circuit which establishes the threshold of 
burst level at which the killer operates the chroma amplifier. 


CA3072 CIRCUIT OPERATION 

The CA3072 is a chroma demodulator having full color 
difference signal demodulation capability. The chroma signal 
is applied to terminal Nos. 3 & 4 and the reference subcarrier 
signal is applied to terminals Nos. 6 & 7 of the CA3072. 
The output color difference signals are B-Y at terminal 
No. 13, R-Y at terminal No. 11, and G-Y at terminal No. 9. 
The typical level of differential chroma drive required at 
terminal Nos. 3 & 4 is 400 mVp. p . The amplitude of 
chroma at terminal No. 6 & 7 is approximately 1.0 volt at 
104° relative phase difference which results in a B-Y output 
amplitude of 5V p . p . The voltages of the R-Y & G-Y outputs 
are at 3.8 and 1.0 V p . p respectively, when there is 5V p . p 
output at B Y. These comparative signals are based upon a 
complete phase rotation of the chroma relative to the 
subcarrier signal reference. The relative demodulation phase 
and amplitude ratios of the Fig. 1 5 circuit are shown in the 
oscilloscope trace photographs of Fig. 21. Using the hue 
control setting for B-Y phase at the B-Y output, the G-Y 
color-difference signal is approximately -104° and the R-Y 
color-difference signal is approximately +106°. Since the 
amplitude ratios are a function of the applied signal phase 
relationship, the NTSC color difference output signals are 
shown here primarily for phase reference conditions. 

CHROMA SYSTEM CONSTRUCTION 

Fig. 25 shows the complete CA3070, CA3071 and CA3072 
chroma system in the Fig, 18 circuit. Table I lists the dc 
terminal voltages for the system. The chroma gain and hue 
controls, as well as the switches SI and S2 are removed. The 
template circuit board layout is also shown for duplication 
purposes. It should be noted that a few component values are 
modified in Fig. 18 from the dynamic circuit values of the 
data sheet. These are necessary for system matching and 
overall filter requirements. 



Fig. 17(a) -CA3070 terminal No. 6, oscillator waveform 
1. 1 Vp. p 3.58 MHz. 



Fig. 17(b)- CA3070 terminal No. 7, oscillator waveform 
1.4 Vp.p 3.58 MHz. 



Fig. 17(c) - CA3070 terminal No. 8, oscillator waveform 
1.6 Vp.p 3.58 MHz. 



Fig. 18(a) - CA3071 chroma input 1.25 V p . p ; one horizontal 
line of NTSC input signal. 



Fig. 18(b) -CA3071 terminal No. 6. amplifier No. 1 chroma 
output 2.3 Vp. p ; one horizontal line for 1.25 Vp.p chroma 
input 



Fig. 18(c) -CA3071 terminal No. 9, amplifier No. 2 chroma 
output 5.5 Vp.p; one horizontal line for 1.25Vp. p chroma 
input 



Fig. 19(a) - Frequency response sweep curve between 
terminal Nos. 2 & 6 for CA3071. f = 250 KHz/div. 



Fig. 19(b) - Frequency response sweep curve between 
terminal No. 2 of CA3071 and terminal No. 3 of CA3072. 
f = 250 KHz/div. 
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Fig. 20 m Typical ACC characteristics for chroma system 
of Fig. 18 
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Fig. 21(a) ■ CA3072 terminal No. 3 or 4, chroma input 
signal. 220 mV p . p ,one horizontal line 


Fig. 27 (b)- CA3072 - terminal No. 6 or 7, reference 
subcarrier 1.2 V^^, one horizontal line 


Fig. 21 (c) - CA3072 terminal No. 13, 4.8 v p . p B-Y output ‘ 
one horizontal line 




Fig. 21(d) - CA3072 - terminal No. 11, 5.2 v p . p R Y output 
one horizontal line 


Fig . 21 (e) - CA3072 terminal No. 9, 1.2 v p . p G-Y output f 
one horizontal line 
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FM IF Amplifier - Limiter, 

Detector, and Audio Preamplifier 

For FM IF Amplifier Applications Up To 20 MHz In 
Communications Receivers And High-Fidelity Receivers 


Features: 

• Good sensitivity: Input limiting voltage (knee) = 250/uV typ. at 10.7MHz 

• Excellent AM rejection: 55 dB typ. at 10.7MHz 

• Internal Zener diode regulation for the IF amplifier section 

• Low harmonic distortion 

• Differential peak detection: Permits simplified single-coil tuning 

• Audio preamplifier voltage gain: 21 dB typ. 

• Minimum number of external parts required 



RCA CA3075 is an integrated circuit which provides, 
in a single monolithic chip, an FM IF subsystem for 
Communications and High-Fidelity Receivers This de- 
vice, shown in the schematic diagram (Fig. 2), con- 
sists of a multistage IF amplifier-limiter section with 
a Zener regulated power supply, an FM detector stage, 
and an AF preamplifier section. A typical application 
of the CA3075, in FM receiver circuits, is shown in the 
block diagram (Fig. 1). 

The three-stage, emitter-follower-coupled IF amplifier 
section provides a 60-dB typ. voltage gain at an operat- 
ing frequency of 10.7 MHz and features, because of its 
transistor constant-current sink, an output stage with 
exceptionally good limiting characteristics. 

The FM detector section, which utilizes a differential- 
peak-detection circuit, requires only a single coil in the 
associated outboard detector circuit; hence, tuning the 
detector circuit is a simple procedure. 

The audio preamplifier circuit provides a 21-dB voltage 
gain with low impedance output for driving subsequent 
audio amplifier stages. 

The CA3075 utilizes a 14-lead dual-in-line plastic pack- 
age with leads in a special quad-formed arrangement. 



Fig. 2* Test Circuit for input limiting voltage, recovered 
AF voltage, and total harmonic distortion 


12.5 

30 


V 

mA 


MAXIMUM RATINGS, Absolute-Maximum Values at = 25°C 

DC Supply Voltage [^between Terminals 5 <V + ) and 3 (V - )^] 

DC Current (into Terminal 5) 

Device Dissipation: 

Up to T a = 50° C 760 mW 

Above = 50° C derate linearly 7.6 mW/°C 

Ambient Temperature Range: 

Operating -55 to +125 °C 

Storage - 65 to + 150 °C 

Lead Temperature (During soldering for 10 s max.) +265 °C 
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ELECTRICAL CHARACTERISTICS of T A = 25 s C 





I LIMITS 



TEST 

CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 




UNITS 

CIRCUIT 

MIN. 

TYP. 

MAX. 





FIG. NO. 

Static Characteristics 

DC Voltage: 








At Terminal 7 

V 7 


- 

6.1 

- 

V 


At Terminal 8 

V 8 

V + = 11.2 V 

- 

5.4 

- 

V 

6 

At Terminal 12 

V 12 


- 

5.2 

- 

V 


DC Current (into Terminal 5): 








At V + = 8.5 V 



8.5 

15 

- 

mA 


At V + = 11.2 V 

15 


- 

17.5 

- 

mA 

6 

At V + = 12.5 V 



- 

19 

29 

mA 


Dynamic Characteristics at V + 

= 11.2 







IF AMPLIFIER 


f 0 = 10.7 MHz 






Input Limiting Voltage 

Vj (lim) 

f (Modulation) = 400 Hz 

- 

250 

600 

MV 

3 

(knee, -3dB point) 


Deviation = ±75 kHz 








f 0 = 10.7 MHz 






AM Rejection 

AMR 

f (Modulation) = 400 Hz 

FM: Deviation = ±75 kHz 
AM: Modulation = 30% 

- 

55 

- 

dB 

5 

Input Impedance Components: 








Parallel Resistance 

R i 

f 0 = 10.7 MHz 

- 

4.5 

- 

kn 


Parallel Capacitance 

C| 

V, N = lOmV RMS 

- 

4.5 

- 

PF 


DETECTOR 


f 0 = 10.7 MHz 






Recovered AF Voltage (at 







Terminal 12) 

V 0 (AF) 

f (Modulation) = 400 Hz 

- 

1.5 

- 

V 

3 

Total Harmonic Distortion 

THD 

Deviation = ± 75 kHz 

- 

1 

2 

% 


AUDIO PREAMPLIFIER 








Voltage Gain 

A(AF) 

V| N = 100mV,f O = 400 Hz 

- 

21 

- 

dB 

4 

Total Harmonic Distortion 

THD 

^OUT = 2V, f o = 400Hz 

- 

1.5 

5 

i 

% 

4 



TEST PROCEDURE 
VOLTAGE GAIN 

1. SET AUDIO GENERATOR FOR V, . 100 «V Rh$ 

2. READ V 0 

J. GAIN - 20 LOG |0 v o/ v l 


DISTORTION 

1. SET AUDIO GENERATOR FOR Vg » 2 V RaS 

2. READ DISTORTION IN *. 


Fig.4 — Test circuit for audio preamplifier voltage gain 
and total harmonic distortion 



9. RECORD AM V 0 (AF) 

Fm:V 0 (AF) 

•* L0C “S5SS 

«SH» 



Fig.5 — Test circuit for AM rejection 


Fig. 6- Test circuit for static characteristics 
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LINEAR INTEGRATED CIRCUITS 


CA3076 

High-Gain Wide-Band 
IF Amplifier-Limiter 

For FM IF Amplifier Applications 
in Communications Receivers 

RCA CA3076, monolithic integrated circuit, is a high- 
gain wide-band amplifier-limiter for use in the IF sec- 
tions of Communications and High-Fidelity FM Receivers. 
The CA3076, shown in the schematic diagram (Fig. 2), 
consists of a four stage IF amplifier-limiter section 
with a voltage regulator section. A typical application 
of the CA3076 in FM receiver circuits is shown in the 
block diagram (Fig. 1). 

The four-stage emitter-follower-coupled IF amplifier 
section provides an 80-dB voltage gain with a 2-kilohm 
load at a frequency of 10.7 MHz. The output stage has 
exceptionally good limiting characteristics because of 
its transistor constant-current sink. The voltage re- 
gulator section provides zener-regulated, decoupled volt- 
ages for the IF amplifier. 

The CA3076 utilizes an hermetically-sealed 8-lead TO-5 
package. 



92SS-45S9 


Fig. I - Block diagram of typical FM receiver utilizing the CA3076. 

Features: 

• exceptionally good sensitivity: input limiting voltage (knee) =*50 /j-V 
typ. at 10.7 MHz 

• high gain: 80 dB with 2-kilohm load 

• internal voltage supply regulator 

• wide frequency capability: > 20 MHz 


MAXIMUM RATINGS, Absolut* Maximum-Values at T A = 25° C 

DC Supply Voltage [between Terminals 7 (V + ) and 3 (V”)J 15 V 

DC Current (into Terminal 7) 35 mA 

Device Dissipation: 

Up to T a - 50° C 500 mW 

Above T a ■ 50° C . derate linearly 5 mW/°C 

Ambient Temperature Range: 

Operating - 55 to + 125 °C 

Storage - 65 to + 150 °C 

Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) from seating plane 

for 10 s max + 265 °C 


ELECTRICAL CHARACTERISTICS of T A = 25°C 




TEST 


LIMITS 


CHARACTERISTIC 

SYMBOL 




UNITS 

CONDITIONS 

MIN. 

TYP. 

MAX. 




Static Characteristics - V + = 8.5 V 

DC Current (into Term. 7) 

i? 

- 

10 

15 

24 

mA 

Quiescent Operating Current 

\» 



0.65 


mA 

(into Term. 4) 

'4 




Dynamic Characteristics - V + = 

8.5 V, f ( 

) = 10.7 MHz 





Input Limiting Voltage (knee, 

- 3dB point) 

V| (lim.) 

- 

- 



50 

200 

MV 

Output Voltage 

Vo 

V|=20^V 

4 

12 

- 

mV 

Output Noise Voltage 

V N 

V, =0 

- 

1 

- 

mV 

Forward Transfer Admittance: 







Magnitude 

l Y 2l| 

V| = 

- 

6 

- 

mho 

Phase 

0 2 1 

10 mV 

- 

80 

- 

degrees 

Reverse Transfer Admittance: 







Magnitude 

M 


- 

0.1 

- 

/xmho 

Phase 

012 


- 

-90 

- 

degrees 

Input-Impedance Components: 







Parallel Resistance 

R l 


- 

7.5 

- 

kQ 

Parallel Capacitance 

C| 


- 

4 

- 

PF 

Output-Impedance Components: 







Parallel Resistance 

R 0 


50 

_ 

- 

kO 

Parallel Capacitance 

Co 


- 

1.7 

- 

PF 


RF GENERATOR 
(10.7 RHi) 
HEWLETT- 
PACKARD 
608 C OR 
EQUIVALENT 



Fig. 2 - Forward transfer admittance (Y2j) 
test circuit 



Fig. 3 - Test circuit for DC current (Terminal 7) 
and operating current (Terminal 4). 
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LINEAR INTEGRATED CIRCUITS 


CA3076 


v* 



Notes: 

Terminal No. 5 wire-connected to the cose. 

Terminals No. 3 and 6 which ore connected to the substrote 
should be connected to the most negotive point in the circuit. 
The resistance values included on the schematic diagram 
hove been supplied as a convenience to assist Equipment 
Manufacturer’ s in optimising the selection of outboord” 
components of equipment designs. The values shown may 
vory as much as 1-30%. 

RCA reserves the right to make any changes in the Resist- 
ance Values provided such chonges do not adversely affect 
the published performance characteristics of the device. 

G) 



Fig. 4 -Schematic diagram of CA 3076. 



OUTPUT VOLTAGE 

1. SET ATTENUATOR TO OdB 

2. SET RF GENERATOR TO 20 „V CW 

3. READ V 0 |H mV 
OUTPUT NOISE VOLTAGE 
t. SET ATTENUATOR TO 00 
2. REAO Vq in mV 


MURATA FILTER 
TYPICAL VALUES 

Pin 1 Rout * 330 n 

INSERTION LOSS • i 4B TYP. 
BANDWIDTH (AT -3 4B) = 240 IcHi 


92SH5JI 


Fig. $ - 10.7 MHz voltage gain and noise test circuit 
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LINEAR INTEGRATED CIRCUITS 


CA3078, CA3078A Types 


Amplifier 


Features: 


Applications: 


The RCA CA3078T and CA3Q78AT are high-gain 
monolithic operational amplifiers which can deliver milli- 
amperes of current yet only consume microwatts of standby 
power. Their operating points are externally adjustable and 
frequency compensation may be accomplished with one 
external capacitor. The CA3078T and CA3078AT provide 
the designer with the opportunity to tailor the frequency 
response and improve the slew rate without sacrificing 
power. Operation with a single 1. 5-volt battery is a practical 
reality with these devices. 

The CA3078AT is a premium device having a supply voltage 
range of V 1 - 0.75V to V 1 = 15V and an operating 
temperature range of -55°C to +125°C. The CA3078T has 
the same lower supply voltage limit but the upper limit is V + 
- +6V and V~=~6V. The operating temperature range is from 
0°C to + 70°C. 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 


The CA3078 and CA3078A are supplied in either the 
standard 8-lead TO-5 package ("T" suffix), or in the 
8-lead dual in-line formed-lead "DIL-CAN" package ("S" 
suffix). 


■ Low standby power: as low as 700 nW 

■ Wide supply voltage range: ±0.75 to ±15 V 

■ High peak output current: 6.5 mA min. 

■ Adjustable quiescent current 

■ Output short-circuit protection 


■ Portable electronics 

■ Medical electronics 

■ Instrumentation 

■ Telemetry 


MAXIMUM RATINGS, Absolute Maximum Values at T A = 2S°C 

DC Supply Voltage (between V + and V' terminal 

Differential Input Voltage 
DC Input Voltage 
Input Signal Current 
Output Short-Circuit Duration* 

Device Dissipation 
Temperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 in. (1.59 ±0.79 mm) 

from case for 10s max. 

'Short circuit may be applied to ground or to either supply. 


CA3078AT 

CA3078T 

36V 

14V 

46V 

±6V 

V + to V 

V + to V 

0.1 mA 

0.1 mA 

No Limitation 

No Limitation 

50 mW (up to 1 25°C) 

500 mW (up to 70°C) 

-55 to +125°C 

0 to +70°C ‘ 

65 to + 1 50°C 

-65 to +150°C 

+300°C 

+300°C 


A Types CA3078S and T can be operated over the temperature range of -55 to +125 u C, although 
the published limits for certain electrical specifications apply only over the temperature range of 
0 to 70° C. 


CHARACTERISTICS 

SYMBOLS 

TEST 

CONDITIONS 

CA3078T LIMITS 

CA3078AT LIMITS 


R SET ~ 1 m ^*q 

- 100 pA 

R SET = 5.1 Mft,l Q = 20 pA 

U 

V + 

& 

V 

R s 

k£2 

r l 

Kil 

T a = 25°C 

T a * 0 to 
70°C 

T a = 25°C 

T a =-55 to 
125°C 

N 

1 

T 

MIN 

TYP 

MAX 

MIN 

MAX 

MIN 

TYP 

MAX 

MIN 

MAX 

S 

Input Offset Voltage 

V IO 



<10 


- 

1.3 

4.5 

_ 

5 

- 

0.70 

3.5 

- 

4.5 

mV 

Input Offset Current 

*10 



- 

6 

32 

- 

40 

- 

0.50 

2.5 

- 

5.0 

nA 

Input Bias Current 

1 1 B 




60 

170 

- 

200 

- 

7 

12 


50 

nA 

Open-Loop Diff. Voltage Gain 

> 

O 

r 


<10 

88 

92 

- 

86 

- 

92 

100 

- 

90 

- 

dB 

Total Quiescent Current 

'o 




100 

130 

- 

150 

- 

20 

25 

- 

45 

pA 

Device Dissipation 

P D 



- 

1200 

1560 

- 

1800 

- 

240 

300 

- 

540 

pW 

Maximum Output Voltage 

v OM 

6 


>10 

±5.1 

±5 3 

- 

±5 

- 

±5.1 

±5.3 

- 

±5 

- 

V 

Common-Mode Input Voltage 
Range 

V ICR 



<10 



-5.5 

to 

+5 8 


-5 

to 

+ 5 

- 


-5.5 

to 

+ 5.8 

- 

-5 

to 

+5 

- 

V 

Common-Mode Rejection Ratio 

CMRR 

<10 


80 

110 


- 

- 

80 

115 

- 

- 

- 

dB 

Maximum Output Current 

'OM or, OM 




12 

- 

6.5 

30 

- 

12 

- 

6.5 

30 

mA 

Input Offset Voltage Sensitivity 

Positive 

AViq/^V* 

<10 



22 

150 

- 

- 


6 

150 

- 

- 

ii V/ l\J 

Negative 

_W| 0 /^V 



22 

150 

- 

- 


6 

150 

- 

- 

MV / v 








........ 



Rgj:y = 13 Mfi, Iq - 20 /jA 


Input Offset Voltage 

V IO 



<10 



- 

■ 

_ 

_ 

- 

1.4 

3.5 


4.5 

mV 

Open-Loop Diff. Voltage Gain 

o 

< 

— 

>10 

: 


- 

- 

- 

92 

100 

- 

88 

- 

dB 

Total Quiescent Current 

'q 

15 





- 

- 

- 

- 

20 

30 

- 

50 

jUA 

Device Dissipation 

P D 





, 

- 

- 

- 

- 

- 

600 

750 

- 

1350 

jJW 

Maximum Output Voltage 

V OM 


>10 


- 

- 

- 

- 

±13.7 

±14.1 


±13.5 

- 

V 

Common-Mode Rejection Ratio 

CMRR 

<10 



- 

- 

- 

- 

80 

106 

- 

- 


dB 

Input Bias Current 

1 1 B 

1 

[ 




- 

- 

- 

- 

7 

14 

- 

55 

nA 

Input Offset Current 

'lO 



- 

=H 

- 

- 

- 

- 

0 50 

2.7 

- 

5.5 

nA 


OPERATING CONSIDERATIONS 
Compensation Techniques 

The CA3078AT and CA3078T can be phase-compensated 
with one or two external components depending upon the 
closed-loop gain, power consumption, and speed desired. The 
recommended compensation is a resistor in series with a 
capacitor connected from terminal 1 to terminal 8. Values of 
the resistor and capacitor required for compensation as a 
function of closed loop gain are shown in Figs. 24 and 25. 
These curves represent the compensation necessary at 
quiescent currents of 20 pA and 100 pA, respectively, for a 
transient response with 10% overshoot. Figs. 21 and 22 show 
the slew rates that can be obtained with the two different 
compensation techniques. Higher speeds can be achieved 
with input compensation, but this increases noise output. 


Compensation can also be accomplished with a single 
capacitor connected from terminal 1 to terminal 8, with 
speed being sacrificed for simplicity. Table 1 gives an 
indication of slew rates that can be obtained with various 
compensation techniques at quiescent currents of 20 pA and 
100 pA. 

Single Supply Operation 

The CA3078AT and CA3078T can operate from a single 
supply with a minimum total supply voltage of 1.5 volts. 
Figs. 27 and 28 show the CA3078AT or CA3078T in 
inverting and non-inverting 20-dB amplifier configurations 
utilizing a 1.5-volt type "AA" cell for a supply. The total 
power consumption for either circuit is approximately 675 
nanowatts. The output voltage swing in this configuration is 
300 mV p-p with a 20 kH load. 


TOP view 



9?CS- I7552RI 


Fig. 1 - Functional diagram of the CA3078T 
and CA3078A T. 
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TOTAL QUIESCENT MICROAMPERES (Iq ) 


Fig. 3 — Input offset voltage vs. total quiescent current. 


Ql COMPENSATION 

Fig. 2-Schematic diagram of the CA3078T and CA3078AT. 


Typical Values Intended Only for Design Guidance at Ta * 25°C and V + = +6 V, V~ * 6 V 



Transient Response 


Input Resistance 


Output Resistance 


Equiv. Input Noise Voltage 


BE&ttsJSSI 


R S = 0 

40 

R S i MS2 

0 25 


TYPICAL VALUES 


CHARACTERISTICS 

SYMBOLS 



to 

+0.5 

to 

+1.1 

to 

+0.5 

90 

100 

90 



Av lo /Av± 


SUPPLY VOLTS V+«+6,V~*-6 
AMBIENT TEMPERATURE (T*)«25*C 


l!9!!!2"|KS9! 


— 


MaaBB 

mrjmrjmmm 

Mil 


mm 


m 

■ 

mmm 

mam 

pin 

■HIM 

m 

s 

■H 


i 

m 


E 

a 


AMBIENT 

1 1 

TEMPERATURE tT A 

INI 1 1 

H25-C 

LU 










































1 1 TTi 1 

-LOAD RESISTANCE (R L 

)*l Ml 

Q- 

_ 




2 4*8 2 4 6 * 2 4*8 

I 10 100 1000 

TOTAL QUIESCENT MICROAMPERES (Iq) 

92CS-I9629 

Fig. 6 - Open-loop voltage gain vs. total quiescent current. 
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LINEAR INTEGRATED CIRCUITS 


CA3078, CA3078A Types 



Fig. 7 - Bias-setting resistance vs. total quiescent current. 





Fig. 10 - Open-loop voltage gain vs. frequency 
for Iq = WO pA - CA3078T. 



92CS- 19628 


Fig. 13 — Input offset voltage vs. temperature. 



Fig. 15 — Input bias current vs. temperature. 
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92CS : 19630 

Fig. 8 — Maximum output current vs. total quiescent current. 



92CS-I9635 


Fig. 1 1 - Output and common-mode voltage vs. supply voltage. 



92CS- 19624 

Fig. 16 - Open-loop voltage gain vs. temperature. 



92C5-I9627 


Fig. 9 - Output voltage swing vs. total quiescent current. 



Fig. 12 — Open-loop voltage gain vs. frequency 
for Iq = 20 fJA - CA3078A T. 



92CS-I9625 


Fig. 14 — Input offset current vs. temperature. 
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LINEAR INTEGRATED CIRCUITS 


CA3078, CA3078A Types 



£ 100 

SUPPLY VOLTAGE: V* *6 V, V" ■ ~6 V 
AMBIENT TEMPERATURE tT A )«25»C 








- 











> 

c 

1 4 

1 

1 2 

§ 
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§ 8 
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3 

| 4 

z 

UJ 








.. 

m 1 

















SUPPLY CURRENT (Iq)«ZCVA 
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CLOSED-LOOP NON-INVERTING VOLTAGE GAIN — dB 

5 6 ii] 297 45 So 60 70 

CLOSED-LOOP INVERTING VOLTAGE GAIN dB 


Fig. 18 — Equivalent input noise voltage vs. frequency. 


Fig. 19 — Equivalent input noise current vs. frequency. 


Fig. 20 - Slew rate vs. closed-loop gain 
for Iq « 100 pA ~ CA3078T. 



9ZCS -19591 

Fig.21 - Slew rate vs. closed-loop gain 
for Iq = 20 pA - CA3078A T. 


v+ 



Fig.22 - Transient response and slew-rate, 
unity gain (inverting) test circuit. 


v+ 



Fig.23 — Slew, rate, unity gain (non-inverting) test circuit. 



CLOSED-LOOP NONINVERTING VOLTAGE GAIN dB 


0 6 191 297 40 50 60 70 80 90 

CLOSED-LOOP INVERTING VOLTAGE dB 92CS-I9595 


Fig.24 — Phase compensation capacitance 
vs. closed-loop gain — CA3078T. 


Table I - Unity-pin stow rate vs. compensation - CA3078T and CA3078AT 

SUPPLY VOLTS: V + - 6, V « -6 TRANSIENT RESPONSE: 10% OVERSHOOT FOR AN OUTPUT 


VOLTAGE of 100 mV 

OUTPUT VOLTAGE (V Q ) - ±5V AMBIENT TEMPERATURE (T A ) «= 2S°C 

LOAD RESISTANCE (R L ) * 10 k£2 


COMPENSATION 

TECHNIQUE 

UNITY GAIN (INVERTING) Fig. 22 

UNITY GAIN (NON-INVERTING) Fig. 23 

R1 

Cl 

R2 

C2 

SLEW 

RATE 

R1 

Cl 

R2 

C2 

SLEW 

RATE 

CA3078T- l Q = 100 pA 

kn 

pF 


PF 

V/ps 

kft 

pF 

kft 

PF 

Mips 

Single Capacitor 

0 

750 

OO 

0 

0.0085 

0 

1500 

OO 

0 

0.0095 

Resistor & Capacitor 

3.5 

350 

OO 

0 

0.04 

5.3 

500 

OO 

0 

0.024 

Input 

oo 

0 

0.25 

0.306 

0-67 

OO 

0 

0.311 

0.45 

0£7 

CA3078AT — l Q = 20/JA 


1 

Single Capacitor 

0 

300 

oo 

0 

0.0095 

0 

800 

OO 

0 

0.003 

Resistor & Capacitor 

14 

100 

oo 

0 

0.027 

34 

125 

oo 

0 

0.02 

Input 

OO 

0 

0.644 

0.156 

0.29 

oo 

0 

0.77 

0.4 

0.4 



0 6 191 297 40 50 60 70 80 90 

CLOSED-LOOP INVERTING VOLTAGE dB 92CS-I9590 




Fig.25 — Phase compensation capacitance 
vs. closed-loop gain — CA3078AT. 


Fig. 27 — Inverting 20-dB amplifier circuit. 


Fig.28 — Non-inverting 20-dB amplifier circuit. 
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LINEAR INTEGRATED CIRCUITS 


CA3080, CA3080A Types 


Operational Transconductance 
Amplifiers (OTA’s) 

Gateable-Gain Blocks 

The RCA-CA3080 and CA3080A are Gateable-Gain Blocks 
which utilize the unique Operational Transconductance Ampli- 
fier (OTA) concept described in Application Note ICAN-6668, 
"Applications of the CA3080 and CA3080A High-Performance 
Operational Transconductance Amplifiers". 

The CA3080 and CA3080A have differential input and a 
single-ended, push-pull, class A output. In addition, these types 
have an amplifier bias input which may be used either for 
gating or for linear gain control. These types also have a high 
output impedance and their transconductance (g m ) is directly 
proportional to the amplifier bias current OABC)- 
The CA3080 and CA3080A are notable for their excellent 
slew rate (50 V/ps), which makes them especially useful for 
multiplex and fast unity-gain voltage followers. These types 
are especially applicable for multiplex applications because 
power is consumed only when the devices are in the "ON" 
channel state. 

The CA3080A is rated for operation over the full military- 
temperature range (—55 to +125°C) and its characteristics 
are specifically controlled for applications such as sample- 
hold, gain-control, multiplex, etc. Operational transconduc- 
tance amplifiers are also useful in programmable power-switch 
applications, e.g., as described in Application Note I CAN-6048, 
"Some Applications of a Programmable Power Switch/Ampli- 
fier" (CA3094, CA3094A, CA3094B). 

These types are supplied in the 8-lead TO-5 style package 
(CA3080,CA3080A),and in the 8-lead TO-5 style package with 
dual-in-line formed leads ("DIL-CAN", CA3080S, CA3080AS). 
The CA3080E is also supplied in the 8-lead dual-in-line 
plastic ("MINI-DIP") package (CA3080E), and in chip form 
(CA3080H). 



TOP VIEW 92 CS- 24770 R I 



92CS -24771 

Plastic Package (CA3060E) 

Applications: 

■ Sample and hold 

■ Multiplex 

■ Voltage follower 

■ Multiplier 

■ Comparator 


Fig. 1 -Functional diagrams. 

Features: 

■ Slew rate (unity gain, compensated): 50 V/ps 

■ Adjustable power consumption: lOpW to 30 mW 

■ Flexible supply voltage range: ± 2 V to ± 15 V 

■ Fully adjustable gain: 0 to g m R|_ limit 

■ Tight g m spread: CA3080 (2:1), CA3080A (1.6:1) 

■ Extended g m linearity: 3 decades 


MAXIMUM RATINGS, Absolute-Maximum Values at 


Ta * 25°C 

DC SUPPLY VOLTAGE (between V + and V~ terminals) . . 36 V 

DIFFERENTIAL INPUT VOLTAGE *5 V 

DC INPUT VOLTAGE V+ to V - 

INPUT SIGNAL CURRENT 1 mA 

AMPLIFIER BIAS CURRENT 2 mA 

OUTPUT SHORT-CIRCUIT DURATION* Indefinite 

DEVICE DISSIPATION 125 mW 

TEMPERATURE RANGE: 

Operating 

CA3080 0 to + 70 °C 

CA3080A —55 to + 1 25 °C 

Storage -65to + 150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 in. (1.59 ±0.79 mm) 
from case for 10 s max +265 °C 



* Short circuit may be applied to ground or to either supply. 


Fig. 2 — Schematic diagram for CA3080 and CA3080A. 


92CS-I7587 


Type C A 3080 can be operated over the temperature of -55 to +125°C, 
although the published limits for certain electrical specifications apply 
only over the temperature range of 0 to 70°C. 

TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS FOR THE CA3080 AND CA3080A 



92CS- 1 7588 



AMPLIFIER BIAS MICROAMPERES (I ABC ) 

92 C$ • 17589 



AMPLIFIER BIAS MICROAMPERES <I ABC ) 

92CS-I7590 


Fig. 3 — Input offset voltage vs. amplifier bias current. 


Fig. 4 — Input offset current vs. amplifier bias current. 


Fig.S - input bias current vs. amplifier bias current. 
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Fig. 6 — Peak output currant vs. amplifier bias current. 


Fig. 7 - Peak output voltage vs. amplifier bias current. 


Fig.8 - Amplifier supply current vs. amplifier bias current. 
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LINEAR INTEGRATED CIRCUITS 


CA3080, CA3080A Types 


ELECTRICAL CHARACTERISTICS 

For Equipment Design CA3080 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 


LIMITS 

UNITS 

Cir- 

cuit 

V+- 15 V, V~» -15 V 
■ABC* 500 /iA 
T A -2S°C 
(unless indicated 

otherwise) 

Typical 

Charac- 

teristics 

Curves 

Fig. 

Fig. 

Min. 

Typ. 

Max. 

Input Offset Voltage 

V|0 

- 


3 

_ 

0.4 

5 

mV 

Ta = 0 to 70°C 

- 

- 

6 

Input Offset Current 

ho 

* 


4 

- 

0.12 

0.6 

luA 

Input Bias Current 

h 

- 


5 

_ 

2 

5 


Ta = 0 to 70°C 

- 

- 

7 

Forward Transconductance 
(large signal) 

9m 

- 


14 

6700 

9600 

13000 

/imho 

TA = 0 to 70°C 

5400 

- 

- 

Peak Output Current 

I'omI 

- 

Rl = o 

6 

350 

500 

650 

//A 

R|_ = 0,Ta = 0to 70°C 

300 

- 

- 

Peak Output Voltage: 

Positive 

V + OM 

- 

R l = « 

7 

12 

13.5 


V 

Negative 

5 

O 

> 

-12 

-14.4 

- 

Amplifier Supply Current 

•a 

- 


8 

0.8 

1 

1.2 

mA 

Device Dissipation 

Pd 

- 


9 

24 

30 

36 

mW 

Input Offset Voltage Sensitivity: 
Positive 

AV| 0 /AV+ 

_ 


_ 



150 

AtV/V 

Negative 

AViq/AV- 

- 


- 

- 

- 

150 

Common-Mode Rejection Ratio 

CMRR 

- 


- 

80 

110 

- 

dB 

Common-Mode Input-Voltage Range 

V|CR 



7 

12 to 

-12 

13.6 to 

-14.6 

- 

V 

Input Resistance 

R| 

- 


15 

10 

26 

- 

kn 


ELECTRICAL CHARACTERISTICS 

Typical Values Intended Only for Desipi Guidance CA3080 


Input Offset Voltage 

V|0 

- 

*ABC = 5 ^A 

3 

0.3 

mV 

Input Offset Voltage Change 

|AV,o| 

- 

Change in V|0 between 
•ABC = 500 pA 
and 1 ABC = 5/iA 

- 

0.2 

mV 

Peak Output Current 

•OM 

- 

lABC ~ 5 pA 

6 

5 

MA 

Peak Output Voltage: 

Positive 

V + OM 

- 

lABC = 5/iA 

7 

13.8 

V 

Negative 

V~OM 

-14.5 

Magnitude of Leakage Current 


10 

lABC = 0, VjP = 0 

11 

0.08 

nA 

lABC = 0, V T P = 36 V 

0.3 

Differential Input Current 


12 

lABC = 0, VpiFF = 4V 

13 

0.008 

nA 

Amplifier Bias Voltage 

VABC 



16 

0.71 

V 

Slew Rate: 

Maximum (uncompensated) 

SR 



- 

75 

V//is 

Unity Gain (compensated) 

"23" 

50 

Open-Loop Bandwidth 

bw ol 



- 

2 

MHz 

Input Capacitance 

C| 

- 

f = 1 MHz 

17 

3.6 

PF 

Output Capacitance 

co 

- 

f = 1 MHz 

17 

5.6 

pF 

Output Resistance 

«o 



18 

15 

MSI 

1 nput- to-Output Capacitance 

c i*o 

19 

f = 1 MHz 

20 

0.024 

pF 


V + * 15 V 



92CS- 17597 

Fig. 12 - Differential input current test circuit 



INPUT DIFFERENTIAL VOLTS 


92CS- 17599 

Fig. 13 - input current vs. input differential voltage. 



Flg.9 — Total power dissipation vs. amplifier bias current. 



92CS- 17595 


Fig. 10 - Leakage current test circuit. 
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Fig. 14 — Transconductance vs. amplifier bias current. 
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LINEAR INTEGRATED CIRCUITS 


CA3080, CA3080A Types 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 


SUPPLY VOLTS: V + = +l5,V“= -15 
AMBIENT TEMPERATURE (Ta)=25“C 





TEST CONDITIONS 




CHARACTERISTICS 

SYMBOLS 

Cir- 

cuit 

V+- 15V, V” ■ —15 V 
•ABC* 500 /iA 

T A “ 25°C 
(unless indicated 

Typical 

ter (sties 
Curves 

LIMITS 

UNITS 



Fig. 

otherwise) 

Fill. 

Min. ( Typ. | Max. 



Input Offset Voltage V|Q 

Input Offset Voltage Change |AV|q 

Input Offset Current l|0 

Input Bias Current 1 1 

Forward Transconductance 
(large signal) 9m 

Peak Output Current 1 1 OM | 

Peak Output Voltage: 

; Positive V+QM 

Negative V~om 

Positive V + OM 

Negative V~QM 

Amplifier Supply Current I A 

Device Dissipation Pq 

Input Offset Voltage Sensitivity: 

Positive AV|q/AV* 

Negative AV|q/AV _ 

Magnitude of Leakage Current 

Differential Input Current 

Common-Mode Rejectibn Ratio CMRR 

Common-Mode Input-Voltage Range Vj^p 


Input Resistance 


I ABC = SpA 

T A = —55 t o+125°C 

Change in V|0 
between I ABC = 500 jiA 
and I ABC = 5pA 


j a = —55 to +125 

TA = -55 to + 125°C 
’ABC = 5 jiA, Rl = 0 
R L = 0 

Rl = O.Ta = -55 to +125^~ 

lABC = 5 aA 
R L = °° 


0.12 0.6 

- 2 5 

”■ 8 

7700 9600 12000 ' 


350 500 

loo ~ 


* « «•! 2 Seel ~ 


Fig. IS — Input resistance vs. amplifier bias current. 


12 13.8 

-12 -14.5 


10 'ABC " Q. VTP = 0 

lABC - 0, VTP = 36 V 

12 lABC = 0.V D ,FF=4V 


8 

0.8 

1 

1.2 

mA 

9 

24 

30 

36 

mW 


_ 


150 



- 

- 

150 

/tV/V 

1 1 

- 

0.08 

5 

n A 

1 1 

- 

0.3 

5 

IlM 

13 

- 

0.008 

5 

nA 


80 

110 

- 

dB 

7 

12 to 

-12 

13.6 to 
-14.6 

- 

V 

15 

10 

26 

- 

kft 



Fig. 16 - Amplifier bias voltage vs. amplifier bias current 
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ELECTRICAL CHARACTERISTICS 


I . 







ELLv I nivm» vrif^nwv * wnio v iw« 

Typical Values Intended Only For Design Guidance 

CA3080A 

1 



i 





Amplifier Bias Voltage 


Slew Rate: 

Maximum (uncompensated) 


Unity Gain (compensated) 


Open-Loop Bandwidth 


Input Capacitance 


Output Capacitance 

Output Resistance 

In put- to-Output Capacitance 


V ABC 

□ 

SR 

■ 

E&a 

bw 0 l 

- 

Cl 

- 

Co 

- 

R° 

- 

C|-0 

19 

















LINEAR INTEGRATED CIRCUITS 


CA3081 , CA3082 Types 


General-Purpose High-Current 
N-P-N Transistor Arrays 

CA3081-Common-Emitter Array CA3082 -Common-Col lector Array 

Directly Drive 7-Segment Incandescent Displays 
and Light-Emitting-Diode (LED) Displays 

Features 

■ 7 transistors permit a wide range of applications in either a common-emitter 
(CA3081) or common-collector (CA3082) configuration 

■ High Iq: 100 m A max. ■ Low Vqe sat (at 50 mAh 0.4 V typ. 

Applications 

■ Drivers for: 

- Incandescent display devices (e.g. RCA NUMITRON DR2000 Series and lamps) 
~ LED (e.g. RCA-SG1002 GaAs High-Efficiency Emitting Diode) 

- Relay control -Thyristor firing 

RCA-CA3081* and CA3082* consist of seven high-current 
(to 100 mA) silicon n-p-n transistors on a common mono- 
lithic substrate. The CA3081 is connected in a common- 
emitter configuration and the CA3082 is connected in a 
common-collector configuration. 

The CA3081 and CA3082 are capable of directly driving 
seven-segment displays, such as the RCA NUMITRON 
devices (DR2000 and DR2010), and light-emitting diode 



COMMON- EMITTER CONFIGURATION 

92CS-I7958 



Fig. 1- Functional diagrams of types CA3081 and CA3082. 


(LED) displays. These types are also well-suited for a variety 
of other driyer applications, including relay control and 
thyristor firing. 

The CA3081 and CA3082 are supplied in a 16-lead dual-in- 
line plastic package, and the CA3081 F and CA3082F in a 
16-lead dual-in-line frit-seal ceramic package, which includes 
a separate substrate connection for maximum flexibility in 
circuit design. 


TYPICAL STATIC CHARACTERISTICS FOR EACH 
TRANSISTOR OF TYPES CA3081 AND CA3082 



92CS- 17959 

Fig.2-hpE w. Iq 


MAXIMUM RATINGS, Absolute-Maximum Values at T A * 25°C 
Power Dissipation: 


Any one transistor 

500 

mW 

Total package 

750 

mW 

Above 55°C 

. . . Derate linearly 6.67 

mW/°C 

Ambient Temperature Range: 

Operating 

-55 to +125 

°C 

Storage 

Lead Temperature (During Soldering): 

At distance 1/16" ±1/32" (1.59 mm ±0.79 mm) 

—65 to + 150 

°c 

from case for 10 seconds max 

The following ratings apply for each transistor in the device: 

265 

°c 

Collector-to-Emitter Voltage (Vq^q) 

16 

V 

Collector-to-Base Voltage (Vqbq) 

20 

V 

Collector-to-Substrate Voltage (Vqjq)* 

20 

V 

Emitter-to-Base Voltage (V^qq) 

5 

V 

Collector Current (Iq) 

100 

mA 

Base Current (lg) 

20 

mA 


* The collector of each transistor of the CA3081 and CA3082 is 
isolated from the substrate by an integral diode. The substrate must 
be connected to a voltage which is more negative than any collector 
voltage in order to maintain isolation between transistors and 


provide normal transistor action. To avoid undesired coupling 
between transistors, the substrate terminal (5) should be maintained 
at either DC or signal (AC) ground. A suitable bypass capacitor can 
be used to establish a signal ground. 



92CS-I7960 


Fig.3- V BE$at vs. I C 




92CS- 17962 

Fig. 5- VcEsat >C at ^A =7CPC. 
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LINEAR INTEGRATED CIRCUITS 


CA3081 , CA3082 Types 

ELECTRICAL CHARACTERISTICS at T A * 25°C 


For Equipment Design 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 


Typ. 

Char. 

Curve 

Min, 

Typ. 

Max. 


Collector-to-Base Breakdown Voltage 

V(BR)CES 

IC = 500 juA, Ie = 0 

- 



- 

V 

Collector-to-Substrate Breakdown Voltage 

V(BR)CIO 

Id = 500 pA, Ie = 0, Ib = 0 

- 



- 

V 

Collector-to-Emitter Breakdown Voltage 

V(BR)CEO 

1C = 1 mA, Ib = 0 

- 

S3 

wm 

- 

V 

Emitter-to-Base Breakdown Voltage 

V(BR)EBO 

IC= 500 pA 


5 

mu 

- 

KB 

DC Forward-Current Transfer Ratio 

h FE 

VqE = 0.5 V, lc = 30 mA 


m 

SI 

- 


VCE = 0.8 V, !c = 50 mA 

- 

m 

m 

- 


Base-to- Emitter Saturation Voltage 

VBE sat 

lc = 30 mA, Ib = 1 mA 

3 

- 

■m 

ns 

V 

Collector-to-Emitter Saturation Voltage: 
CA3081 , CA3082 

VCE sat 

1C = 30 mA, Ib = 1 mA 

■ 


0.27 

0.5 

V 

CA3081 


4 

_ 

■a 

MB 

CA3082 

ic = 50 mA, Ib = 5 mA 

4 

- 

■za 

E3 

Col lector-Cutoff -Cur rent 

'CEO 

VCE = 10 V, l B =0 

- 

- 

- 

■9 


Collector-Cutoff Current 

»CBO 

VcB = 10 V. Ie = o 

- 

- 

- 

Hj 



TYPICAL READ-OUT DRIVER APPLICATIONS 



Fig.6— Schematic diagram showing one transistor of 
the CA3081 driving one segment of an incan- 
descent display. 



“THE RESISTANCE for r is determined by the relationship 
V p-V BF -VL£D> 


I (LED) 

R*0 FOR Vp* V eE ♦ Vp(LED) 


V F * FORWARD VOLTAGE 

8?o°d p e acrossthe 


Fig. 7 -Schematic diagram showing one transistor of 
the CA3082 driving a light-emitting diode 


(LED). 
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LINEAR INTEGRATED CIRCUITS 


CA3083 


General-Purpose High-Current 
N-P-N Transistor Array 


RCA-CA3083 is a versatile array of five high-current (to 
100mA) n-p-n transistors on a common monolithic substrate. 
In addition, two of these transistors (Q 1 and Q2) are 
matched at low currents (i.e. 1mA) for applications in which 
offset parameters are of special importance. 

Independent connections for each transistor plus a separate 
terminal for the substrate permit maximum flexibility in 
circuit design. The CA3083 is supplied in a 16-lead dual-in- 
line plastic package, and the CA3083F in a 16-lead dual-in- 
line frit-seal ceramic package. 


Applications 


Features 

■ High l c : 100mA max. 

■ Low V CE$at (at 50 mA): 0.7 V max. 

■ Matched pair (Q1 and Q2)- 

V|q (Vg E matched): ± 5 mV max. 
l| 0 (at1mA): 2.5 pA max. 

■ 5 independent transistors plus separate substrate connection 

B The CA3083 is available in a sealed-junction 
Beam-Lead version (CA3083L). For further 
informetion see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 


Q©©®®®©® 
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92CS- 17762 


Fig. 1 -Functional diagram of the CA3083. 


■ Signal processing and switching systems operating from DC to VHF 

■ Lamp and relay driver 
• Differential amplifier 

■ Temperature-compensated amplifier 

■ Thyristor firing 

■ See RCA Application Note, ICAN-5296 "Application of the RCA-CA3018 
Circuit Transistor Array" for suggested applications 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 


Power Dissipation: 

Any one transistor 500 mW 

Total package 750 mW 

Above 55°C Derate linearly 6.67 mW/°C 


Ambient Temperature Range: 

Operating -55 to *125 °C 

Storage -65 to +150 °C 

Lead Temperature (During Soldering): 

At distance 1/16" +1/32” (1.59 mm ±0.79 mm) 

from case fot 10 seconds max 265 °C 


The following ratings apply for each transistor in the device: 


Collector to Emitter Voltage (V^ E q) 15 V 

Col lector-to- Base Voltage (Vqqq) 20 V 

Collector-to-Substrate Voltage (Vqjq) * 20 V 

Emitter-to-Base Voltage (Vebq) 5 V 

Collector Current (Iq) 100 mA 

Base Current (I g) 20 mA 


The collector of each transistor of the CA3083 is isolated from the substrate by an integral diode. The substrate 
must be connected to a voltage which is more negative than any collector voltage in order to maintain isolation 
between transistors and provide normal transistor action. To avoid undesired coupling between transistors, the 
substrate terminal (5) should be maintained at either DC or signal (AC) ground. A suitable bypass capacitor can 
be used to establish a signal ground. 


ELECTRICAL CHARACTERISTICS at T A = 25°C 
For Equipment Design 




TEST CONDITIONS 


LIMITS 






Typ. 





CHARACTERISTICS 

SYMBOL 


Char. 

Curve 

Min. 

Typ. 

Max. 

UNITS 




Fig. No. 





| For Each Transistor: j 

Collector to-Base 
Breakdown Voltage 

V (BR)CBO 

l c = 100 mA, l E = 0 

- 

20 

60 

- 

V 

Collector-to- Emitter 
Breakdown Voltage 

V (BR)CEO 

l c = 1 mA, lg = 0 

- 

15 

24 

- 

V 

Collector-to-Substrate 


l c , = lOOpA, lg = 0, 

l E = 0 


20 




Breakdown Voltage 

V (BR)CI0 


60 

— 

V 

Emitter-to-Base 
Breakdown Voltage 

V (BR)EBO 

l E = 500pA, l c = 0 

- 

5 

6.9 

- 

V 

Collector-Cutoff-Current 

'CEO 

v CE = 10V. i B * 0 

- 


- 

10 

juA 

Collector-Cutoff-Current 

'CBO 

V CB = 10V - 'E = 0 

- 

- 

- 

1 

juA 

DC Forward-Current 

Transfer Ratio 

h FE 

l r = 10mA 
V rE =3V L 

l c =50mA 

2 

40 

40 

76 

75 

- 


Base to-Emitter Voltage 

V BE 

V CE - 3 V, l c = 10mA 

3 

0.65 

0.74 

0.85 

V 

Collector-to-Emitter 

V CEsat 

Iq = 50mA, lg = 5mA 

4 


0.40 

0.70 

V 

Saturation Voltage 






[ For Transistors Q1 and Q2 (As a Differential Amplifier): | 

Absolute Input Offset 

l v iol 


7 


1.2 

5 

mV 

Voltage 

V nF = 3V, l r = 1mA 






Absolute Input Offset 

I'tol 


8 

_ 

0.7 

2.5 

mA 

Current 







TYPICAL STATIC CHARACTERISTICS 
FOR EACH TRANSISTOR 



Fig.2- h FE vs l c 
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LINEAR INTEGRATED CIRCUITS 


CA3083 



Ui 

m ^ 

SET DC FORWARO-CURRENT TRANSFER RATIO lh F£ )>lO 
AMBIENT TEMPERATURE ( Ta ) = 25°C 
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COLLECTOR MILLIAMPERES U c » 

92CS-I7767 


Fig.5- V ctsat vsf c at7(f , C 


Fig-6- V BEsat vs ! c 


TYPICAL STATIC CHARACTERISTICS FOR DIFFERENTIAL AMPLIFIER 




Fig. 7- V iQ vs I q (transistors Q1 and Q2 as a differential 
amplifier). 


Fig.8— l iq vs l q (transistors Q1 and Q2 as a differential 
amplifier). 
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LINEAR INTEGRATED CIRCUITS 


CA3084 

General-Purpose P-M-P 
Transistor Array 


RCA-CA3084 is a general-purpose silicon p-n-p transistor 
array incorporating two independent transistors, a Darlington 
circuit, and a current-mirror pair with a shared diode. 

The two independent transistors in the array may be used in 
a variety of circuit applications. The Darlington pair may be 
employed as the equivalent of a single high-beta transistor. 
The current-mirror pair is well suited for constant-current 
applications and can also be used as the active loads in a 
differential amplifier which uses n-p-n transistors. 

The total array is especially useful for a wide range of 
applications in systems having low-power and low-frequency 
requirements. Although the transistors may be used as 
discrete units in conventional circuits, they offer the 
advantages inherent in integrated-circuit construction, that is, 
to provide close electrical and thermal matching. 

The CA3084 utilizes the 14-lead dual-in-line plastic package. 


FEATURES 

■ Matched transistor pair (Q1 and Q2) 

Vjo matched): ± 6mV max. 

Ijq (at 100 juA): ±0.6/iA 

■ Wide operating current range 

■ Low noise figure - * 3.2 dB typ. at 1 kHz 

■ The CA3084 is available in a sealed-junction 
Beam-Lead version (CA3084L). For further 
information see File No. 51 5, “Beam-Lead 
Devices for Hybrid Circuit Applications". 

APPLICATIONS 

■ General use in signal processing systems having low-power 
and low-frequency requirements 

■ Differential amplifiers 

■ Temperature compensated amplifiers 

■ Active loads for differential amplifiers using 
n-p-n transistors 

■ Complementary uses with RCA n-p-n transistor arrays 


SUBSTRATE 



Fig. 1 - Functional diagram of the CA3084. 


STATIC CHARACTERISTICS FOR EACH TRANSISTOR 


MAXIMUM RATINGS, Absolute-Maximum Values at T^ * 25°C 

Dissipation: 

Any one transistor 

Total package 

Above T a = 55°C - 

Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering); 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max 

The following ratings apply for each transistor in the device: 

Collector-to- Emitter Voltage (Vq E q) 

Collector-to-Base Voltage (V cb q) 

Base-to-Substrate Voltage (V B |q)* 

Emitter-to Base Voltage (V EB q) 

Collector Current (Iq) 


200 mW* 

750 mW 

derate Iinearly6.67 mW/°C 

-55 to +125 °c 

-65 to +150 °C 

+265 °C 

-40 V 

-40 V 

40 V 

-40 V 

-10 mA 


The base of each transistor of the CA3084 is isolated from the substrate by an integral diode The substrate must be connected to a voltage 
which is more negative than any base voltage in order to maintain isolation between transistors and provide normal transistor action. To avoid 
undesired coupling between transistors, the substrate terminal (4) should be maintained at either DC or signal (AC) ground. A suitable bypass 
capacitor can be used to establish a signal ground. 



92CS- 17966 

Fig - 2 - IqbO w T A ' 



AMBIENT TEMPERATURE 

92CS- 17967 

Fig-3- I CE0 vs r A - 
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LINEAR INTEGRATED CIRCUITS 


CA3084 


ELECTRICAL CHARACTERISTICS at T A - 25°C 
For Equipment Design 


CHARACTERISTICS SYMBOL 

For Each Transistor : 

Collector-Cutoff Current *CBO 

Collector-Cutoff Current *CEO 

Collector-to-Emitter Breakdown Voltage ^(BR)CEO 

Colfector-to-Base Breakdown Voltage V/RRirjur 


DC Forward-Current Transfer Ratio | h EE 
For Transistors Q1 and Q2 (As a Differential Amplifier) : 
Magnitude of Input Offset Voltage j V ( qJ 

Input Offset Current l|Q 


For Transistors Q3 and Q4 (Current-Mirror Configuration) : 
Collector Current (Normalized) 1^/15 

Magnitude of Collector Current Ratio j Iq(Q3)/Iq(Q4) | 

For Transistors Q5 and Q6 (Darlington Configuration): 
Collector-Cutoff Current Iq E q 

Base-to Emitter Voltage Vg E 

DC Forward-Current Transfer Ratio h F p 


TEST CONDITIONS 


Emitter-to-Base Breakdown Voltage 

v (BR)EB0 

Emitter-to-Substrate Breakdown Voltage 

V (BR)EI0 

Collector-to-Emitter Saturation Voltage 

V CEsat 

Base-to-Emitter Voltage 

V BE 


v CB = -10V, I E = 0 

V CE = -10V,I B =~0~ 
• CE “ —lOOpA, l B = 0 
= -lOOpA, Ip = 0 




2 

3 

-40 


Typ. 

Max. 


-0.055 

-100 

nA 

-0.12 

-100 

nA 

-70 

- 

V 

-80 

- 

V 






V CE = -5V, V CI0 = -5V, 

Term. 13 - Gnd. 

I 5 - -100 m A, 


v CE = -iuv, lg= u 
l E = lOQpA, V CE = -10V 


STATIC CHARACTERISTICS FOR EACH TRANSISTOR 


SUBSTRATE AT SAME POTENTIAL AS COLLECTOR 
AMBIENT TEMPERATURE (T A > * 25*C 


COL LECTOR -TO-EMITTEg. 

volts tv CE ) * -2oy^n 


COLLECTOR-TO-EMITTER VOLTS (Vc£>— K>V 
AMBIENT TEMPERATURE (T A )-25*C 


Magnitude of Temperature Coefficient: 
V BE ( foreach transistor) 

I av be / at | 

l E = lOQpA. 

6 

-1.78 

mV/°C 

V|q (as a differential amplifier) 

|AV |0 MT| 

v CE = -10V 

9 

0.54 

pV/°C 

V BE (Darlington configuration) 

| av be / at | 


14 

-3.7 

mV/°C 

For Each Transistor: 

Input Resistance 

R l 

f = 1kHz, V CE = -10V, 

19 

9 

kft 

Output Resistance 

R o _ 

l c =-100pA 

20 

- 600 - 

kft 

Forward Transconductance 

. 9m 


r 22 

- 3 

mmho 

Collector-to-Base Capacitance 

C CBO 

T CB =0 . 

23 

3.3 

pF 

Collector-to-Emitter Capacitance 

[ C CEO 

'CE* 0 

23 

2.5 

pF 

Base-to-Substrate Capacitance 

| °BIO 

'cio * 0 

23 

4.5 

pF 


-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — *C 

92CS-I7 

Fig.9-V|0 vs t A (transistors Q1 and 
02 as a differential amplifier). 


STATIC CHARACTERISTICS FOR CURRENT-MIRROR CONFIGURATION 


AT T A * 25" AND \fc E »-IOV: 
15-3^, I, 2 « 3.15 M A 
I5 » 10 fi A, I|2*K).5^A 
I s >lOO/iA, 1 1 2 ■ IOO M A 



COLLECTOR-TO-EMITTER VOLTS (V CE > 
AMBIENT TEMPERATURE <T*> « 25"C 






AMBIENT TEMPERATURE (T A )-*C 

92CS- 17*96 

CURRENT AT TERMINAL 5 {I5) — mA 

3 92CS-I7972 

CURRENT AT TERMINAL 5 <I c )-mA 

92C5-I7973 

Fig.lO-Normalized Iq vs Ta (transis- 
tors Q3 and Q4 in a current- 
mirror configuration. 

Flg.1 1 — Iq ratio vs I5 (transistors Q3 
and Q4 in a current-mirror con- 
figuration. 

Fig. 12- levs I5 (transistors Q3 and Q4 in a 
current-mirror configuration ). 


























RESISTANCE (Rj)— kfl 



EMITTER MILLIAMPERES (I E ) 

MCS-I 

Fig. 13 - Vqe vs I e (transistors Q5 anc/ Q6 in a 
darlingtron configuration ). 


AMBIENT TEMPERATURE (T A ) — »C 

92CS- I79B7 

Fig. 14 - Vqe vs T/\ (transistors Q5 and Q6 in a 
dariington configuration ). 


COLLECTOR MILLIAMPERES (Ig) 

92C3-I7973 

Fig. 15 — hpE vs. /£ ( transistors Q5 and Q6 in a 
dariington configuration j. 


DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 


COLLECTOR-TO-EMITTER VOLTS <V CE 1 «-IOV 
SOURCE RESISTANCE (R$) - 500 0 
AMBIENT TEMPERATURE I T A ) - 25 *C 





COLLECTOR-TO-EMITTER VOLTS (Vfc£»— «>V 
AMBIENT TEMPERATURE (T a )*25*C 
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COLLECTOR-TO-EMITTER VOLTS ( V CE ) — 10 V 
SOURCE RESISTANCE (R§)*lk& 
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Fig.20— R 0 vsf 


COLLECTOR MILLIAMPERES (I c ) 

9ZC 

Fig.21 - Normalized R f and Rq vs Iq 
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Fig.23- Transistor capacitances vs 
collector voltages 
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LINEAR INTEGRATED CIRCUITS 


CA3085, CA3085A, CA3085B Types 


Positive Voltage Regulators 

For Regulated Voltages from 1.7 V to 46 V 
at Currents up to 100mA 

RCA-CA3085, CA3085A, and CA3085B are silicon 

monolithic integrated circuits designed specifically for service 
as voltage regulators at output voltages ranging from 1.7 to 
46 volts at currents up to 100 milliamperes. 

A block diagram of the CA3085 Series is shown in Fig. 1. 

The diagram shows the connecting terminals that provide 
access to the regulator circuit components. The voltage re- 
gulators provide important features such as: frequency 
compensation, short-circuit protection, temperature- 
compensated reference voltage, current limiting, and booster 
input. These devices are useful in a wide range of applications 
for regulating high-current, switching, shunt, and positive and 
negative voltages. They are also applicable for current and 
dual-tracking regulation. 

The CA3085A and CA3085B have output current 
capabilities up to 100 mA and the CA3085 up to 12 mA 
without the use of external pass transistors. However, all the 
devices can provide voltage regulation at load currents greater 
than 100 mA with the use of suitable external pass 
transistors. The CA3085 Series has an unregulated input 
voltage ranging from 7.5 to 30 V (CA3085), 7.5 to 40 V 
(CA3085A), and 7.5 to 50 V (CA3085B) and a minimum re- 
gulated output voltage of 26 V (CA3085), 36 V (CA3085A), 
and 46 V (CA3085B). 

The CA3085A is unilaterally interchangeable with the 
CA3055. 

The CA3085 is available in a sealed-junction Beam-Lead 
version (CA3085L). For further information see File No. 515, 
"Beam- Lead Devices for Hybrid Circuit Applications". 


Type 

V|N 

Range 

V 

VOUT 

Range 

V 

Max 

•OUT 

mA 

Max. Load 
Regulation 

% VOUT 

CA3085 

7.5 to 30 

1.8 to 26 

12* 

0.1 

CA3085A 

7.5 to 40 

1.7 tq 36 

100 

0.15 

CA3085B 

7 .5 to 50 

1.7 to 46 

100 

0.15 


This value may be extended to 100mA, however, 
regulation is not specified beyond 12mA. 


These types are supplied in the 8-lead TO-5 style package 
(CA3085, CA3085A, CA3085B, and the 8-lead TO-5 with 
dual-in-line formed leads ("D!L-CAN",CA3085S, CA3085AS, 
CA3085BS). The CA3085 is also supplied in the 8-lead dual- 
in-line plastic package ("MINI-DIP". CA3085E), and in chip 
form (CA3085H). 

Features 


COMPENSATION AND 
EXTERNAL INHIBIT 



92CS-IS09I 


Fig. 1-Block diagram of CA3085 Series. 


■ Up to 100 mA output current 

■ Input and output short-circuit protection 

■ Load and line regulation: 0.025% 

■ Pin compatible with LM100 Series 

■ Adjustable output voltage 

■ Low noise 
Applications 

■ Shunt voltage regulator 

■ Current regulator 

■ Switching voltage regulator 

■ High-current voltage regulator 

■ Combination positive and negative 
voltage regulator 

■ Dual tracking regulator 

■ See Application Note ICAN-6157 "Applications 
of the CA3085-Series Monolithic 1C Voltage 
Regulators". 


MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES at T A - 2S°C 


POWER DISSIPATION: WITHOUT HEAT SINK] 


up to T A ■ 55°C 630 mW 

above T A * 55°C derate linearly @6.67 mW/°C 

TEMPERATURE RANGE: 

Operating -55to+125°C 

Storage -65to+150°C 

UNREGULATED INPUT VOLTAGE: 

CA3085 30 V 

CA3085A 40 V 

CA3085B 50 V 


WITH HEATSINK (TO-5 ONLY) 


up to Tc * 55°C .... 1.6 W 
above Tq = 55°C .... derate linearly at 
16.7 mW/°C 


LEAD TEMPERATURE (DURING SOLDERING): 

(1.59 i 0.79mm) 

♦ 265°C 


At distance 1/16 t 1/32 me 
from case for 10 seconds m 


Maximum Voltage Ratings 

The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the 

voltage range between vertical Terminal No. 7 and horizontal Terminal No. 1 is +3 to -10 volts. 


MAXIMUM VOLTAGE RATINGS 


TERM 

INAL 

No. 

5 

— 

6 

7 

8 

1 

2 

3 

4 

’Voltages are not normally 
applied between these 
terminals; however, voltages 
appearing between these 
terminals are safe, if the 
specified voltage limits 
between all other terminals 

are not exceeded. 

J30 V for CA3085 

40 V for CA3085A 

50 V for CA3085B 

5 

- 

+5 

-5 
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— o 
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_ 
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0 
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- 

+i 

0 
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- 

Substrate ! 
& Case 


MAXIMUM 
CURRENT RATINGS 


TERM 

INAL 

No. 

>IN 

mA 

■out 

mA 

5 

10 

1.0 

6 

1.0 

-0.1 

7 

1.0 

-1.0 

8 

0.1 

10 

1 

20 

150 

2 

150 

60 

3 

150 

60 

4 

- 
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Fig.3— Dissipation limitation (V/i\j—VoUT »*■ I OUT )• 
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Fig.2— Schematic diagram of CA3065 Series. 


Fig.4— Load regulation characteristics. 







LINEAR INTEGRATED CIRCUITS 


CA3085, CA3085A, CA3085B Types 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

Test 

Circuit 

Ta-** 

(Unless indicated otherwise] 

CA308S 

CA3066A 

CAS0S6S 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Fig. No. 

Reference Voltage 

VREF 

15 

V + in = 15V 

1.4 

1.6 

1.8 

1.5 

1.6 

1.7 

1.5 

1.6 

1.7 

V 

Quiescent Regulator 
Current 

•quiescent 

15 

V + , N - 30V 

- 

3.3 

4.5 

- 

- 

- 

- 

- 

- 

mA 

V*, N = 40V 

- 

- 

- 

- 

3.65 

5 

- 

- 

- 

V + | N = 50V 

- 

- 

- 

- 

- 

- 

- 

4.05 

7 

Input Voltage Range 

V||g(range) 

- 

- 

7.5 

- 

30 

7.5 

- 

40 

7.5 

- 

50 

V 

Maximum Output 
Voltage 

Vo(fnax.) 

15 

V + |N= 30.40.50V#; R L = 3650; 
Term. No. 6 to Gnd. 

26 

27 

- 

36 

37 

- 

46 

47 


V 

Minimum Output 
Voltage 

Volmin.) 

15 

V + , N = 30V 

- 

1.6 

1.8 

- 

1.6 

1.7 

- 

1.6 

1.7 

V 

Input Output Voltage 
Differential 

V|N VOUT 

- 

- 

4 

- 

28 

4 

- 

38 

35 

- 

48 

V 

Limiting Current 

• lim 

16 

V + | N = 16V. V + 0UT= 10V 

Rscp' = sn 

- 

96 

120 

- 

96 

120 

- 

96 

120 

mA 

Load Regulation* 

- 

- 

il = i to 100mA, Rscp = o 

- 

- 

- 

- 

0.025 

0.15 

- 

0025 

0.15 

* v OUT 

- 

l|_ = 7 to 100mA, Rscp = o 

T A = 0°C to +70°C 

- 

- 

- 

_ 

0035 

06 

- 

0.035 

06 

- 

ii_ = i to 12mA, Rscp = o 

- 

0 003 

0.1 

- 

- 

- 

- 

- 

- 

Line Regulation* 

- 

- 

il = i mA, Rscp = o 

- 

0.025 

0.1 

- 

0.025 

0.075 

- 

0025 

0.04 

%/V 

- 

l L = 1 mA. R$CP = o 

Ta= 0°C to +70°C 

- 

0.04 

0.15 

” 

0.04 

0.1 

- 

004 

008 

Equivalent Noise 
Output Voltage • 

VNOISE 

12 

V + |(m = 25V 

cref = o 


0.5 

- 

~ ' 

05 

- 

- 

0.5 

- 

mV p p 

CREF = 0.22pF 

- 

0.3 

- 

- 

0.3 

- 

- 

0.3 

- 

Ripple Rejection 

- 

13 

V + |N = 25V 
f = 1 kHz 

Cref = o 

- 

50 

- 

- 

50 

- 

45 

50 

- 

dB 

Cref = 2pF 


56 

- 

- j 

56 

- 

50 

56 

- 

Output Resistance 

r 0 

13 

V + in = 25V, f = 1kHz 

- 

0.075 

1.1 

- 

0.075 

0.3 

- 

0.075 

0.3 

n 

Temperature Coef- 
ficient of Reference 
and Output Voltages 

AVref, 

AV 0 

- 

>L = 0. V REF = 1 6V 

- 

00035 

- 

- 

0.0035 

- 

- 

0.0035 

- 

%/°C 

Load Transient 
Recovery Time: 

Turn On 

ION 

14 

V + |fg = 25V, +50mA Step 








1 


US 

Turn Off 

*OFF 

V + in = 25V, -50mA Step 


3 

- 

- 

3 

- 


3 


MS 

Line Transient 
Recovery Time: 

Turn On 

*ON 


V + in = 25 V, f = 1kHz. 2 V Step 


0.8 



0.8 



0.8 


MS 

Turn Off 

«OFF 

- 


0 4 

- 

- 

0.4 

- 

- 

04 

- 

M* 


#30V (CA3085), 40V(CA3085A). 50V(CA3085B) 
* RSCP Short-circuit protection resistance 

" Bandwidth DC to 10 MHz. 


• Load Regulation = 


AV 9QT . 
Voyilinitial) 


X 100% 


•AV n , , T ) 

a Line Regulation = X 100% 

|v OUT(initi»D* (AV IN* 



Fig.5~! quiescent pt. V+fg- 
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AMBIENT TEMPERATURE ( T A ) — 


92CS-IB096 


Fig. 6— Normalized / quiescent «*• T A- 



Fig.7 -Line regulation temperature characteristics. 




Fig.8—r 0 vs. f. 


Fig.9-INormalized r 0 vs. T A - 




92CS-I7346 



Fig. 10—1 LIM T A . 


Fig. 1 1 -Temperature coefficient of Vp£f and VquT- 


Fig. 12- Test circuit for noise voltage. 
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LINEAR INTEGRATED CIRCUITS 


CA3085, CA3085A, CA3085B Types 



Fig. 13— Test circuit for ripple rejection and output resistance. 



TEST PROCEDURES FOR TEST CIRCUIT FOR 
RIPPLE REJECTION AND OUTPUT RESISTANCE 
Output Resiitanct 

Conditions: 

1. V,tf- +25 V, Cref * 0. Short E, 

2. Set £$2 at 1 kHz so that E2 * 4 V rms 

3. Read VquT on a VTVM, such as a Hewlett-Packard, 

HP400D or equivalent 

4. Calculate RquT tr om RquT * ^OUT ) 

Ripple Rejection - I 

Conditions: 

1. V IN = +25V,Cr EF - O, Short E 2 

2. Set Esi at 1 kHz so that Ei » 3V rms 

3. Read VquT on a VTVM. such as a Hewlett-Packard. HP400D 
or equivalent 

4. Calculate Ripple Rejection from 20 log (Ei/Vout) 

Ripple Rejection - II 

Conditions 

1 Repeat Ripple Rejection I w ih CreF * 2 *iF 



92CS-I8097 


100 fjF 




Fig. 14- Turn-on and turn-off recovery time test circuit with 
associated waveforms. 


Fig. 15—jTest circuit for VreF, / quiescent , Voujimax.}, 
VOUT( mfn J- 


Fig. 16~ Test circuit for limiting current 


TYPICAL REGULATOR CIRCUITS USING THE CA3085 SERIES 



Fig.1 7- Application of the CA3085 Series in a typical power 
supply. 




01: RCA 2N5322 OR EQUIVALENT 
*R1 « 0.7 l L (MAX.) 


Fig. 18— Typical switching regulator circuit. 




Fig.21- Combination positive and negative voltage regulator 
circuit. 


Fig. 19- Typical high-current voltage regulator circuit. 


Fig.20— Typical current regulator circuit. 
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LINEAR INTEGRATED CIRCUITS 


CA3086 

General-Purpose N-P-N Transistor Array 

Three Isolated Transistors and One Differentially- Connected Transistor Pair 
For Low— Power Applications from DC to 120 MHz 


RCA-CA3086 consists of five general-purpose silicon n-p-n 
transistors on a common monolithic substrate. Two of the 
transistors are internally connected to form a 
differentially-connected pair. 

The transistors of the CA3086 are well suited to a wide 
variety of applications in low-power systems at frequencies 
from DC to 120 MHz. They may be used as discrete 


transistors in conventional circuits. However, they also 
provide the very significant inherent advantages unique to 
integrated circuits, such as compactness, ease of physical 
handling and thermal matching. 

The CA3086 is supplied in a 14-lead dual-in line plastic 
package. The CA3086F is supplied in a 14-lead dual-in-line 
hermetic (frit-seal) ceramic package. 


MAXIMUM RATINGS, Absolute— Maximum Values at = 25°C 

DISSIPATION: 


Any one transistor 300 

Total package up to T A = 55°C 750 

Above T a = 55°C . derate linearly 6.67 

AMBIENT TEMPERATURE RANGE: 

Operating -55 to +125 

Storage —65 to + 150 

LEAD TEMPERATURE (During soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

From case for 10 seconds max + 265 

The following ratings apply for each transistor in the device: 

COLLECTOR-TO-EMITTER VOLTAGE, V CEO 15 

COLLECTOR-TO-BASE VOLTAGE, V CBO , 20 

COLLECTOR-TO-SUBSTRATE VOLTAGE. V C |0*- • 20 

EMITTER-TO-BASE VOLTAGE. V EB0 5 

COLLECTOR CURRENT. I C 50 


mW 

mW 

mW/°C 

°C 

°c 


V 

V 

V 

V 
mA 


The collector of each transistor in the CA3086 is isolated from the substrate by an integral diode. The substrate 
(terminal 13) must be connected to the most negative point in the external circuit to maintain isolation between 
transistors and to provide for normal transistor action. To avoid undesirable coupling between transistors, the sub- 
strate (terminal 13) should be maintained at either DC or signal (AC) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 


ELECTRICAL CHARACTERISTICS at T a * 25°C 
For Equipment Design 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 


Typ. 
Charac- 
teristic 
Curves 
Fig. No. 

Min. 

Typ. 

Max. 

Collector-to-Base Breakdown Voltage 

V (BR)CBO 

l c = lOpA, l E = 0 

- 

20 

60 

- 

V 

Col lector to- Emitter Breakdown Voltage 

V (BR)CEO 

| c = 1mA, l B = 0 

- 

15 

24 

- 

V 

Collector-to-Substrate Breakdown Voltage 

V (BR)CIO 

l c * 10 pA, l C j = 0 

- 

20 

60 

- 

V 

Emitter-to-Base Breakdown Voltage 

V (BR)EB0 

l E = 10/xA, l c = 0 

- 

5 

7 

- 

V 

Collector-Cutoff Current 

'CBO 

Yar iov, i e = 0 

2 

- 

0.002 

100 

nA 

Collector-Cutoff Current 

'CEO 

V CE =10V.I B =° 

3 

— 

See 

Curve 

5 

pA 

DC Forward-Current Transfer Ratio 

h FE 

V CE = 3V '*C = 1mA 

4 

40 

100 

- 




Fig.3— hp£ vs Ip 


oa 

T, 0.7 

1 

v> 

o 

> 

COLL 

AM6IE 

ECTOR -T0-EMITTER V0LTS(\fcE)»3 

NT TEMPERATURE (T A )- Z5-C 














iC 



























=1 













w 06 

i 

k 

r 

... 0.4 






















i 
















i 









— 



j 















o.< 

)l 




s ai 




i 




\ 

0 


EMITTER MHXIAMPERES(I E ) 

92CS-I52I7 

Fig. 4 V g£ vs Ip 


Applications 

■ General-purpose use in signal processing systems operating 
in the DC to 120-MHz range 

■ Temperature compensated amplifiers 

■ See RCA Application Note, I CAN-5296 "Application of the 
RCA-CA301 8 Integrated-Circuit Transistor Array" for 
suggested applications. 


SUBSTRATE 



Fig. 1 — Functional diagram of the CA3086 . 


TYPICAL STATIC CHARACTERISTICS 
FOR EACH TRANSISTOR 



AMBIENT TEMPERATURE (T A ) — *C 


92CS-I5I95RI 


Fig-2— ! qbO w T A ’ 



Fig. 5— icEO vsT A‘ 
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LINEAR INTEGRATED CIRCUITS 


CA3086 


ELECTRICAL CHARACTERISTICS at T^ * 25°C Typical Values Intended Only for Design Guidance 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 


UNITS 


Typ. 

Chara- 

teristics 

Curves 

Fig. No. 

TYPICAL 

VALUES 

DC Forward-Current 

Transfer Ratio 

h FE 

V CE = 3 V 

1 c — 10 m A 

4 

100 


l c = IO^iA 

4 

54 


Base-to- Emitter Voltage 

UJ 

CO 

> 

V CE » 3 V 

l E = 1mA 

5 

0.715 

V 

l E = 10mA 

5 

0.800 

V 

V B £ Temperature Coefficient 

< 

UJ 

CO 

> 

<1 

V CE= 3V ''C = 1mA 

6 

-1.9 

mV/°C 

Col 1 ector-to- Em itter 

Saturation Voltage 

V CEsat 

lg = 1 m A, 1 q — 10mA 

- 

0.23 

V 

Noise Figure (low frequency) 

NF 

f= 1 kHz, V CE = 3 V, 
l c = 100/uA, R s = Ik £2 

- 

3.25 

dB 

Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 

Forward Current-Transfer Ratio 

h fe 

f « 1kHz, V CE = 3V, l c = 1mA 

7 

100 


Short-Circuit Input Impedance 

h ie 

7 

3.5 

k £2 

Open-Circuit Output Impedance 

h oe 

7 

15.6 

Atmho 

Open-Circuit Reverse- Voltage 

Transfer Ratio 

h re 

7 

1.8 X 10“ 4 

- 

Admittance Characteristics: 

Forward Transfer Admittance 

Vfe 

f= 1MHz, V CE = 3V, l c = 1mA 

8 

31 — jl .5 

mmho 

Input Admittance 

y ie 

9 

0.3 + j0.04 

mmho 

Output Admittance 

y oe 

10 

0.001 + j0.03 

mmho 

Reverse Transfer Admittance 

y re 

11 

See Curve 

- 

Gain-Bandwidth Product 

f T 

V CE = 3V, l c = 3mA 

12 

550 

MHz 

Emitter-to-Base Capacitance 

C EB0 

V EB = 3V,I e = 0 

- 

0.6 

pF 

Collector-to-Base Capacitance 

! C CBO 

V CB = 3V,I C = 0 

- 

0.58 

PF 

Collector-to-Substrate Capacitance 

C CI0 

V C |= 3V.I C « 0 

- 

2.8 

pF 


TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR 



Fig .6- V B£ vs T a . 



92CS-I5190R2 

Fig. 7- Normalized h fffr h je , h fe vs Jq. 


COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (Ta)-25°C 
COLLECTOR-TO-EMITTER VOLTS(Vce)= 3 
COLLECTOR MILLIAVPERES (lc)- 1 
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COMMON-EMITTER CIRCUIT . Bi 
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LINEAR INTEGRATED CIRCUITS 


CA3088E 


AM Receiver Subsystem 

Includes: AM Converter, IF Amplifiers, Detector and Audio Preamplifier 
For Applications in a Variety of AM Broadcast and Communications 
Receivers and Applications Requiring an Array of Amplifiers 


Features: 

■ Excellent overload characteristics 

■ AGC for IF amplifier 

■ Buffered output signal for tuning 
meter 

■ Internal Zener diode provides voltage regulation 

■ Two IF amplifier stages 

■ Low-noise converter and first I F amplifier 


MAXIMUM RATINGS, Absolute Maximum Values, at T A - 25°C 


DC SUPPLY VOLTAGE: 

Across Term. 5 and Terms. 3, 6, 13, 16, respectively 

DC CURRENT: 

At Terms. 3, 6, 13, 16, respectively 

At Term. 10 

DEVICE DISSIPATION: 

Up to T^ = 50°C 

Above T^=50°C 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During soldering): 

At distance not less than 1/32" (0.79 mm) from case for 10 seconds max. 


16 V 

10 mA 

30 mA 

760 mW 

derate linearly 7.6 mW/°C 

-55 to +125 °C 

-65 to +150 °C 

+266 °C 


■ Low harmonic distortion (THD) 

■ Delayed AGC for RF amplifier 

■ Terminals for optional inclusion 
of tone control 

■ Operates from wide range of power supplies: V + = 6 to 
16 volts 

■ Optional AC and/or DC feedback on wide-band amplifier 

■ Array of amplifiers for general-purpose applications 

■ Suitable for use with optional external RF stage, either 
MOS or bipolar 


RCA-CA3088E*, a monolithic integrated circuit, is an AM 
subsystem that provides the converter, IF amplifier, detector, 
and audio preamplifier stages for an AM receiver. 

The CA3088E also provides internal AGC for the first IF 
amplifier stage, delayed AGC for an optional external RF 
amplifier, a buffer stage to drive a tuning meter, and 
terminals facilitating the optional use of a tone control. 
Fig. 2 is a functional diagram of the CA3Q88E. The signal 
from the low-noise converter is applied to the first IF 
amplifier and is then coupled to the second IF amplifier. 
This IF signal is then detected and externally filtered. The 
resultant audio signal is applied to an audio preamplifier 
Optionally, a tone control circuit may be connected at the 
junction of the detector circuit and the audio preamplifier. 
The gain of the first IF amplifier stage is controlled by an 
internal AGC circuit. The CA3Q88E supplies a delayed 
AGC signal output for use with an external RF amplifier. A 
buffered output signal is also available for driving a tuning 
meter. A DC voltage, internally regulated by a Zener diode, 
supplies the second IF amplifier, the AGC and tuning meter 
circuits and may also be used with any other stage. 
The CA3088E features four independent transistor amp- 
lifiers, each incorporating internal biasing for temperature 
tracking. These amplifiers are particularly useful in general- 
purpose amplifier, oscillator, and detector applications in a 
wide variety of equipment designs. 


Formerly Developmental Type TA5842. 



Fig . 1 —Test circuit for DC characteristics. 
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LINEAR INTEGRATED CIRCUITS 


CA3088E 


TYPICAL ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 

T A “ 25°C 

V+-12V 

TEST 
CIRCUIT 
FIG. NO. 

Static (DC) Characteristics 

DC Voltages: 

Terms. 1,4,9, 11 

Vi, 4, 9, 11 


1 

0.7 

V 

Terms. 2, 7, 8 

V2, 7, 8 


1.4 

V 

Term. 10 

Vio 


5.6 

V 

Term. 12 

v 12 


0 

V 

Term. 15 

Vl5 


3.5 

V 

DC Current: 

Term. 3 

•3 


1 

0.35 

mA 

Term. 6 

<6 


1.0 

mA 

Term. 10 

*10 


20 

mA 

Term. 13 

'13 


0 

mA 

Term. 16 

>16 


1.2 

mA 

Dynamic Characteristics | 

Detector Output 


30% Modulation 

4 

75 

mV RMS 

Audio Amplifier Gain 

AaF 

f = 1 kHz 

4 

30 

dB 

Audio Distortion 


VOUT = TOO mV 

4 

0.2 

% 

Sensitivity: 

At Converter Stage Input 


f|N = 1 MHz 

Signal-to-Noise Ratio (S/N) = 20 dB 

2 

200 

pV/m 

At RF Stage Input 


4 

100 

/iV/m 

Total Harmonic Distortion 

THD 

30% Modulation 

4 

1.0 

% 

Input Resistance: 

At Transistor Q1 

R| 

No AGC, 

Input signal frequency 

(f IN) = 1 MHz 


3500 

ft 

At Transistor Q5 


2000 

ft 

Input Capacitance: 

At Transistor Q1 

C| 


12 

pF 

At Transistor Q5 


17 

pF 

Feedback Capacitance : 

At Transistor Q1 

CFB 


1.5 

pF 

At T ransistor Q5 


1.5 

PF 


The typical characteristics for the CA3088E are intended for guidance purposes in evaluating this device for equipment design. 



Fig.# —Topical AM broadcast receiver using the CA3088E with optional RF amplifier stage. 
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LINEAR INTEGRATED CIRCUITS 


CA3089E 


FM IF System 


Includes IF Amplifier, Quadrature Detector, 

AF Preamplifier, and Specific Circuits for AGC, 
AFC, Muting (Squelch), and Tuning Meter 

For FM IF Amplifier Applications in High-Fidelity 
Automotive, and Communications Receivers 


Features: 

■ Exceptional limiting sensitivity: 

12 /iV typ. at —3 dB point 

■ Low distortion: 0.1% typ. 

(with double-tuned coil) 

■ Single-coil tuning capability 

■ High recovered audio: 

400 mV typ. 

■ Provides specific signal for 
control of interchannel muting 
(squelch) 

■ Provides specific signal for 
direct drive of a tuning meter 

■ Provides delayed AGC voltage for RF amplifier 

■ Provides a specific circuit for flexible AFC 

■ Internal supply-voltage regulators 



MAXIMUM RATINGS, Absolute Maximum Values, at T/\ =25°C 
DC Supply Voltage: 

Between Terminals 1 1 and 4 

Between Terminals 11 and 14 

DC Current (out of Terminal 15) 

Device Dissipation: 

UptoTA = 60°C 

Above Ta = 60°C 

AmbientTemperature Range: 

Operating 

Storage 


16 

V 

16 

V 

2 

mA 

600 

mW 

derate linearly 6.7 mW/°C 


-55 to +125 °C 

-65 to +lfe0 °C 


RCA-CA3089E is a monolithic integrated circuit that provides 
all the functions of a comprehensive FM-IF system. Fig. 1 is 
a block diagram showing the CA3089E features, which include 
a three-stage FM-IF amplifier/limiter configuration with level 
detectors for each stage, a doubly-balanced quadrature FM 
detector and an audio amplifier that features the optional use 
of a muting (squelch) circuit. 


Lead Temperature {During Soldering): 

At distance not less than 1 /32" (0.79nr*rn) fibjn qase for 10 secqnds max. 


+265 


°C 


The advanced circuit design of the IF system includes 
desirable deluxe features such as delayed AGC for the RF 
tuner, an AFC drive circuit, and an output signal to drive a 
tuning meter and/or provide stereo switching logic. In 
addition, internal power supply regulators maintain a nearly 
constant current drain over the voltage supply range of +8.5 
to +16 volts. 

The CA3089E is ideal for high-fidelity operation. Distortion 
in a CA3089E FM-IF System is primarily a function of the 
phase linearity characteristic of the outboard detector coil. 



ELECTRICAL CHARACTERISTICS, at T A = 25<>C, V+ = 12 Volts 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 


Circuit 
Fig. No. 

Min. 

Typ. 

Max. 

[Static (DC) Characteristics : 

Quiescent Circuit Current 

111 

No signal input. 

Non muted 

3,4 

16 

23 

30 

mA 

DC Voltages: 

Terminal 1 (IF Input) 

Vi 

1.2 

1.9 

2.4 

V 

Terminal 2 (AC Return to Input) 

v 2 

1.2 

1.9 

2.4 

V 

Terminal 3 (DC Bias to Input) 

V 3 

1.2 

1.9 

2.4 

V 

Terminal 6 (Audio Output) 

V 6 



5.6 

5.6 

6.0 

V 

Terminal 10 (DC Reference) 

V 10 


5.0 

5.6 

6.0, 

. V 

| Dynamic Characteristics j 

Input Limiting Voltage (-3 dB point) 

V| (lim). 

- 

fo = \o.7 MHz, 

fmod. = 400 Hz, 

Deviation = 

±75 kHz 

3,4 

— 


_2§. 

MV 

AM Rejection (Term. 6) 

AMD 

V IN = 0.1 V, 
AM Mod. = 30% 

V|N = 0 .1 V 

45 

55 


dB 

Recovered AF Voltage (Term. 6) 

V 0 (AF) 

300 

400 

500 

mV 

Total Harmonic Distortion: * 

Single Tuned (Term. 6) 

THD 

3 

4 

3,4 

- 

0.5 

1.0 

% 

Double Tuned (Term. 6) 

THD 


- 

0.1 

- 

% 

Signal plus Noise to Noise Ratio (Term. 6) 

S + N/N 

— 

60 

67 

- 

dB 


* THD characteristics are essentially a function of the phase characteristics of the network connected between terminals 8, 9, and 10. 


Performance data at ^ » 98 MHz, f|MOD - 400 Hz, 
Deviation «±75 kHz: 

-3dB Limiting Sensitivity 2pV (Antenna Level) 

20dB Quieting Sensitivity ..... IpV (Antenna Level) 
30dB Quieting Sensitivity .... 15/uV (Antenna Level) 

Fig.2 - Typical FM tuner using the CA3089E with a single-tuned 
detector coil. 
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LINEAR INTEGRATED CIRCUITS 


CA3089E 



ALL RESISTANCE VALUES ARE IN OHMS 
# L TUNES WITH IOO p f (C) AT 10.7 MHz 
Q 0 (UNL0ADED)»75 IG l AUTOMATIC MFG DIV EX2274! OR EQUIVALENT) 


92CM-I9040R' 

Fig.3-Test circuit for CA3089E using a single tuned detector 
coil. 




Fig. 5 -Schematic diagram of the CA3089E. 



-100 -90 0 90 too 

CHANGE IN FREQUENCY (Af)-kHz 


S2CS-M04S 

Fig.B-Muting action, tuner AGC, and tuning meter output as a Fig. 7- AFC characteristics (current at Term. 7 as a function of 

function of input signal voltage. change in frequency). 
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Fig.8-Actual size photographs of the CA3089E and outboard 
components mounted on a printed-circuit board. 
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LINEAR INTEGRATED CIRCUITS 


CA3090AQ 

Stereo Multiplex Decoder 

For FM Stereo Multiplex Systems 

RCA-CA3090AQ , a monolithic silicon integrated circuit, is a 
stereo multiplex decoder intended for FM multiplex systems. 

The CA3090AQ is the successor to the CA3090Q; it offers 
three major advantages over the CA3090Q as follows: 

1. Can directly drive a stereo indicator lamp with a current 
drain of up to 100 mA. 

2. Stereo Defeat/Enable control -voltage specifications. 

3. Capable of operation with lower distortion. 

This stereo multiplex decoder requires only one low-inductance 
tuning coil (requires only one adjustment for complete 
alignment), provides automatic stereo switching, energizes a 
stereo indicator lamp, and operates from a wide range of 
voltage supplies. 

Figure 1 shows the block diagram for the CA3090AQ. The 
input signal from the detector is amplified by a low- 
distortion preamplifier and simultaneously applied to both 
the 19-kHz and 38-kHz synchronous detectors. A 76-kHz 
signal, generated by a local voltage-controlled oscillator 
(VCO), is counted down by two frequency dividers to a 
38-kHz signal and to two 19-kHz signals in phase quadrature. 

The 19-kHz pilot-tone supplied by the FM detector is 
compared to the locally generated 19-kHz signal in a 
synchronous detector. The resultant signal controls the 


voltage controlled oscillator (VCO) so that it produces 
an output signal to phase-lock the stereo decoder with the 
pilot tone. A second synchronous detector compares the 
locally generated 19-kHz signal with the 19-kHz pilot tone. If 
the pilot tone exceeds an externally adjustable threshold 
voltage, a Schmitt trigger circuit is energized. The signal from 
the Schmitt trigger lights the stereo indicator, enables the 
38-kHz synchronous detector, and automatically switches 
the CA3090AQ from monaural to stereo operation. The 
output signal from the 38-kHz detector and the composite 
signal from the preamplifier are applied to a matrixing circuit 
from which emerge the resultant left and right channel audio 
signals. These signals are applied to their respective left and 
right post amplifiers for amplification to a level sufficient to 
drive most audio amplifiers. 

The CA3090AQ may be used without the stereo defeat/enable 
function (see Fig. 6) if a control voltage for this function is not 
readily available. In this case. Terminal 4 should be grounded. 

The CA3090AQ utilizes the 16-lead quad-in-line plastic pack- 
age and operates over the ambient temperature range of 
— 55°C to +125°C. 


Features: 

■ Requires the use of only one low-inductance tuning coil 

■ Automatic stereo switching 

■ Directly drives a stereo indicator lamp up to 100 mA 

■ Includes driver for stereo-lamp indicator 

■ Operates from a wide range of power supplies: 10 to 16 volts 

■ Requires only one adjustment for alignment 

■ Switching from monaural to stereo and stereo to monaural 
produces no audible thumps 

■ Low distortion: under 0.22% (typ.) 

■ Separate dc input permits stereo defeat or enable 

■ High signal output: directly drives audio amplifiers 
• Excellent SC A (storecast) rejection: 55 dB typ. 

■ High audio channel separation: 40 dB typ. 


MAXIMUM RATINGS, Absolute-Maximum Values at Ta - 2S°C 


DC SUPPLY VOLTAGE 16 V 

CURRENT AT TERM. 12 100 mA 

INPUT SIGNAL VOLTAGE (COMPOSITE)* 400 mV 

AMBIENT TEMPERATURE RANGE: 

Operating -SSto+125°C 

Storage -66 to +1 50°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance not less than 1/32" (0.79 mm) 

from case for IQs max •f265°C 


" For stereo operation, a minimum input signal voltage (composite) of 
40 mV is required. 



STEREO DEFEAT/ 


resistance values are N ohms F/g. 1 - Functional block diagram of the CA3090AQ. 



Fig.2 - Test circuit for DC characteristics. 



92CS-2255I 


Fig. 3 - Indicator lamp characteristics (Iq vs. Vq^). 



V4 > 1.6 V TO ACTIVATE STEREO 
V4< 0 9 V TO DEACTIVATE STEREO 


92CS-22552 

Fig. 4 - Test circuit for use with stereo defeat/enable. 



Fig 5 - Test circuit for use without stereo defeat/enable. 
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LINEAR INTEGRATED CIRCUITS 


CA3090AQ 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TERMINAL 

MEASURED 

AND 

SYMBOL 

TEST CONDITIONS 

LIMITS I 

UNITS 

T a - 25°C 

V+ - 12 V (unless 
specified otherwise) 

Min. 

Typ. 

Max. 

| Static Characteristics j 

Total Current (Terms. 9. 1 0, 1 1 ) 

f total 

Lamp OFF 

- 

22 

27 

mA 

DC Voltage: 

Term. 1 

V, 


1.6 

2.3 

3.1 

V 

Term. 6 (Indicator Lamp OFF) 

V 6 


- 

2.1 

3.6 

V 

Terms. 9 and 10 

V 9 & 10 


4.7 

6.4 

8.4 

V 

Term. 12 (Indicator Lamp OFF) 

V 12 

V + = 16 V 

12.7 


- 

V 

Voltage Differential (Term. 2-Term. 1) 

v 2 -v, 


- 

0 

0.1 

V 

Current at Term. 12 (In actual use external circuit 
resistance (e.g. lamp should limit Term. 12 to the 
maximum rated value of 1 00 mA.) 


V |N (at f = 19 kHz) = 18 mV 

75 

100 

- 

mA 

Dynamic Characteristics 

Input Impedance 

Z «N 


- 

50k 

_ 

n 

Channel Separation (L + R Reference) 1 " 


V, N = 180 mV 

25 

40 

_ 

dB 

Channel Balance (Monaural) 


" _ 

0.3 

3 

dB 

Monaural Gain 


3 

6 

9 

dB 

Stereo/Monaural Gain Ratio* 


_ 

±0.3 

±3 

dB 

Indicator Lamp r- Turn-ON Voltage 


19-kHz pilot-tone @ Term. 1 

_ 

4 

_ 

mV 

Capiture Range (Deviation from 76-kHz center 
frequency) 


19-kHz pilot-tone 
voltage =18 mV 

±6.6 

±10 

- 

% 

Distortion (75 -ms de-emphasis) : 

2nd Harmonic 


V |N = 240 mV 

- 

0.2 

- 

% 

3rd, 4th, and 5th Harmonic 


- 

<0.1 

- 

% 

19-kHz Rejection 



_ 

35 

_ 

dB 

38-kHz Rejection 



_ 

48 

- 

dB 

SC A (storecast) Rejection 



- 

70 

- 

dB 

Stereo Defeat Voltage (V 4 ) 



- 

1.2 

<0.9 

V 

Stereo Enable Voltage (V 4 ) 



>1.6 

1.2 



V 


> 

E 
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(NO PILOT TONE APPLIED) — kHz 92CS-I9056 


Fig . 7 — Pilot-tone voltage level vs. VCO frequency with no 
pilot-tone applied. 



(NO PILOT TONE APPLIED) — kHz 


Fig. 8 — Filter capacitance vs. VCO frequency with no 
pilot-tone applied. 


* For stereo operation, test conditions require a composite 
stereo input signal (modulated at 1 kHz) including a 
19-kHz (18 mV) pilot-tone signal. 



92CM- 22554 


Fig. 6 - Test circuit for measurement of dynamic characteristics. 




B-Component side. 

Fig. 9 — Photographs of the CA3090AQ and outboard comppnents mounted on a 2 X 214-inch 
printed-circuit board to constitute a complete stereo multiplex decoder. 
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LINEAR INTEGRATED CIRCUITS 


CA3091D 


RCA-CA3091D, a monolithic silicon integrated circuit, is a 
four-quadrant multiplier that provides an output voltage that 
is the product of two input (x and y) voltages. 

This device functions as a multiplier, divider, squarer, square 
rooter, and power-series approximator. In addition, this 
device is useful in applications such as ideal full-wave 
rectifiers, automatic level controllers, RMS converters, fre- 
quency discriminators, and voltage-controlled filters and 
oscillators. 

The CA3091D comprises five basic circuits (See Fig. 1 ), 
including: a multiplier block, two linearity compensators, a 
current converter, a current source for biasing, and a 
regulator (reference voltage). A brief description of the 
operation, functions and typical applications is given in the 
section "Operating Considerations". In addition there is a 
separate section on "Symbols, Terms, and Definitions" that 
defines the terms and symbols used throughout the data 
bulletin. 

The CA3091D is supplied in 14-lead dual-in-line ceramic 
package and operates over the full military temperature range 
of-55°C to +125°C. 


V x « + IOV V + *I5 V V.-ISV 



• FROM 15 -VOLT 
REGULATEO SUPPLY 

• FROM -15-VOLT 
REGULATED SUEPLY 

• k ADJUST IS PERFORMED BY 

VARYING THIS RESISTOR 

RESISTANCE VALUES ARE 
IN OHMS 


92CM-I9532 


Fig. 1 -Functional block diagram of CA3091D with typical multiplier ou tboard(periphera/)circuitry. 


MAXIMUM RATINGS^ Absolute-Maximum Values at T A - 25° C 
DC Supply Voltages: 

Between Terms. 12 and 1 +18 V 

Between Terms. 4 and 1 —18 V 

DC Supply Currents: 

At Term. 12 with DC Supbly Voltage = +15 V 
At Term. 4 with DC Supply Voltage = — 1 5 V 

Bias Current (At Term. 3) 

* Input Current 

Output Short-Circuit Duration 

Voltage Reference Current 

Linearity Correction Currents: 


At Terminals 7 and 8 10 mA 

Device Dissipation (Up to 125°C) 200 mW 

Ambient Temperature Range: 

Operating -55 to +125 °C 

Storage -65 to +150 °C 

Lead Temperature (during soldering): 

At distance not less than 1/32 inch (0.79 mm) from case for 10 seconds max +265 °C 


External resistance is required to limit the current to the indicated ±1 mA value. 


4 mA 

16 mA 

1 mA 

±1 mA 

No limitation 
10 mA 



Fig.2-Schematic diagram of the CA3091D. 
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Features: • 

■ "Accuracy": ±4% (max.) 

■ "Linearity": 3.0% (max.) 

■ Feedthrough: 9 mV p-p (typ.) 

■ 3-db bandwidth: 4.4 MHz 

■ Low power operation capability: +6.0 V, 4 mW drain 

■ Low power-supply sensitivity: 36 mV/V typ. 

■ Smooth overload characteristics — no foldback if full- 
scale input signal is exceeded 

■ Negligible warm-up drift 

■ Broadband operation capability (flat to 1 MHz) — both 
inputs have similar characteristics for reduced high- 
frequency phase shift between the inputs 

■ Low-level linearity correction circuitry minimizes low- 
level feedthrough for improved small-signal accuracy 

■ All multiplication is performed with wideband circuitry — 
this permits two signals of frequencies much higher than 
the -3 db frequency of the multiplier to produce a differ- 
ence frequency that is within the multiplier* bandwidth 

■ High immunity to parasitic oscillation 

■ Essentially free from excess peaking — provides improved 
frequency response 

■ Requires no level shifting at the output — current-source 
operation at the output permits output signal to be refer- 
enced to ground or other levels within the output voltage 
swing capabilities of the multiplier 

e Internal bias regulator 


Applications: 

a Multiplier ■ Divider ■ Squarer ■ Square Rooter 

■ Power-series approximator 
e Full-wave rectifier 

■ Automatic level controller 

■ RMS converter 

■ Frequency discriminator 

a Voltage-controlled filters and oscillators 
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ELECTRICAL CHARACTERISTICS, For Equipment Design 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

T/\ * 25°C, 1 is *0.5 mA 
V + « 15 V, V---15V 

Circuit 

and/or 

Char. 

Curve 

Min. 

TVP. 

Max. 

| STATIC CHARACTERISTICS j 

INPUT CIRCUIT 

1 

x = 0 


-20 

-2.1 

+20 

mA 

Input Balance (Correction) Currents: 
At x Input 

At y Input 

y = 0 

- 

-20 

-8.7 

+20 

mA 

Feedthrough Linearity Balance 

(Correction) Current 




-34 

-2.9 

+34 

mA 

OUTPUT CIRCUIT 

Output Offset Current 


X & y = O, 

_ 

-10 

-0.23 

+ 10 

mA 

Output Offset Voltage 

v oo 

•oo t ^ ru Rl = 33kn 

- 

-0.330 

-0.0076 

+0.330 

V 

Output Peak Current Swing 

ho 1 

Thru R L = 24kO 

3 

0.41 

0.45 

- 

mA 

Output Peak Voltage Swing 

Ivol 

Across R l = 33kft 

4 

12 

12.9 

- 

V 

DC SUPPLIES & BIASING 

Current Drain (Idling): 

At Term. 4 


V- =-15 V 



2.9 

4.5 

mA 

At Term. 12 


V + = +15 V 

- 

- 

2.0 

3.0 

mA 

Reference Voltage 

Vref 

Measured across Terms. 

6 & 4 at 1 = 1mA 


5.5 

6.1 

6.7 

V 

| DYNAMIC CHARACTERISTICS j 

Output Current 



- 

- 

0.21 

0.32 

mA 

Normalized k Factor/k|y| = k \ 



11 

0.69 

1.0 

1.7 


Accuracy 




- 

2.6 

4.0 

%of 

10 V 

Linearity 


- 

1.7 

3.0 

Feedthrough Voltage: 

At y * 20V p-p, x - O 





9 

20 

mV 

p-p 

■K33BMMI 



- 

- 

9 

20 




rig. 5— Test circuit for measurement of input resistance. 


Fig.6- Test circuit for measurement of output resistance. 



Fig. 3— Test circuit for measurement of output current swing 
capability. 



Fig.4-Test circuit for measurement of output voltage swing 
capability. 



t* 

Fig. 7- Test circuit for measurement of maximum slew rate. 



Fig.8—Test circuit for measurement of frequency response. 



Fig.9- y— input frequency response characteristic curve with associated test circuit. 
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ELECTRICAL CHARACTERISTICS, Typical Values Intended Only for Design Guidance 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 

Ta * 2SOC, 1 ib - 0.5 mA 

V+-15 V, V---15V 

Circuit 

and/or 

Char. 

Curve 

[ ST A TIC CHA RACTERISTICS | 

INPUT CIRCUIT 

R i 

|l x k 0.2 mA 

5 

1.3 

k n 

Input Resistance: 

At x Input 

At y Input 

|l y |^ 0.2 mA 

0.5 

kft 

Input Capacitance: 

At x Input 

C| 

at 1 MHz 

- 

5.8 

PF 

At y Input 

5.8 

pF 

OUTPUT CIRCUIT 

Ro 


6 

1.0 

M 

Output Resistance 

Output Capacitance: 

co 

at 1 MHz 


4.0 

PF 

DC Supply Voltage Sensitivity: 

At Term. 4 

AVq 

AV“ 


11 

26 

mV/V 

At Term. 12 

AVq 

a\F 

36 

mV/V 

\dynamic CHARACTERISTICS | 

Bandwidth (At -3dB point): 
Through x Input 

BW 


8, 10 

4.8 

MHz 

Through y Input 

8,9 

4.4 

MHz 

3° Error Frequency: 

Through x Input 



- 

360 

kHz 

Through y Input 

310 

kHz 

Maximum Slew Rate 

SR 

7pF in parallel with 10 load 

7 

27 

M/ps 

T emperature Coefficients: 

Output Offset Current 

Al OO/AT 

x & y = O 


-0.021 

pA/oc 

x- Input Balance Current 

Al ic/AT 

x = 0 

- 

-0.063 

pA/oC 

y- Input Balance Current 

V “ 0 

- 

-0.063 

pA/oc 

Normalized k Factor kN = k 
k r 

kN 


- 

-0.76 

%!%/ PC 

Accuracy 



- 

0.11 

%/oc 

Linearity 


- 

0.06 

%/0C 

Feedthrough: 

At x = 0 



- 

5.6 

mV/oc 

At y = 0 

5.7 

mV/oc 


x- BALANCE 
50kQ 



ks k FACTOR 
k r s 0 I* REFERENCE OR 
ADJUSTED k FACTOR 
k N » k/k r * 0.1 V 0 * 

NORMALIZED k FACTOR 


(i.*. k N «l,IF Vfc *V y -V 0 *IO) 
OUTPUT CURRENT (mA) CAT 
A CURRENT OF 0 2 mA AT 
BOTH INPUTS] « Vo/33kfl 
OUTPUT VALUES ARE AVER- 
AGED FOR 4 COMBINATIONS 


OF INPUTSCkj- 
V 0 / 33 k a 


Vq'"l 


(0 2 x IO" 3 ) 2 


92CS- 19545 


Fig.11— Test circuit for measurement of current gain and power-supply sensitivity. 



51 kQ 



Fig. 10- x- input frequency response characteristic 
curve with associated test circuit. 

SYMBOLS, TERMS AND DEFINITIONS 
Output Offset Current 

The multiplier output current produced when both of the 
multiplier input signals are in the zero state. 

Output Zero 

Sets the output at the zero level when the x and y inputs are 
in the zero state. (It is implied that all other zeroing 
adjustments have been effected.) 

R| 

Input Resistance - Converts the input voltage to an input 
current. 

Rl 

Output (Load) Resistance — Converts the output current to a 
voltage. 

Ro 

Output Resistance — See V Q and l c for the equations 
associated with these properties. 

Regulator Diode 

A temperature compensated Zener diode, included in the 
multiplier circuit, to provide a stable l|B- 

Scale Factor or k factor (k) 

Represents the basic gain of the multiplier as expressed in the 
equation V Q = kV x V y 

The equation indicates the ideal transfer function for the 
multiplier. The normalized k factor is expressed by kN = k/k re f 
where k re f is the ideal or reference k factor. The ideal factor, 
k re f is the value at which the k factor is set when the k-factor 
adjust control is trimmed. Optimum operation of the 
CA3091 D is achieved when the k-factor is 0.1 . 

V|M 

The maximum ac sine-wave voltage to be applied to the 
multiplier; a 20-volt p-p sine wave is the nominal maximum 
swing voltage recommended for use with 50-kilohm input 
resistors. 

VMID 

An ac or dc voltage that approximately satisfies the equation 
VMID = Vim/ 'J~2~ 

V 0 

The output product voltage derived from the expression 
(kV x V y - V 0 ) 
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Vref. 

Temperature compensated zener connected to the —15 volt 
supply to provide a reference voltage as an aid in setting up a 
stable I |g. 

V X , Vy 

The input voltages to be multiplied. 
x-Balance Circuit 

Sets the output to the zero level when the x-input is in 
the zero state. 
y-Balance Circuit 

Sets the output to the zero level when the y-input is in the 
zero state. 

Accuracy 

Accuracy defines the degree of error encountered in the 
operation of the multiplier. It is portrayed on a contour map 
by isomers (contour lines). Isomers with the highest values 
indicate "less-accurate" operation of the multiplier. (See 
illustrative Contour Map in Fig. 12.) 

Contour Map 

The contour map, shown in Fig. 12, is a graphical portrayal 
of the multiplier errors in the x, y input plane. Each contour 
line, termed "isomer", connects those points whose error 
values (in millivolts) are equal in magnitude. For example, a 
-20 mV contour line with points at V x = 5V and V y = — 3V 
indicates that the output voltage is 20 mV less than the 
theoretical output product (kV x V y ). This error voltage, 
presented in percent of full-scale input (±10 V), defines the 
"accuracy" of the device. Thus, a 20-mV error voltage 
represents an "accuracy" of 0.2% as derived from the 
equation: 

Accuracy = 20 mV/10 x 100% = 0.2%. 

A contour map provides a true indication of multiplier 
performance in each of the four quadrants. Each CA3091D is 
comprehensively tested and must provide the specified 
accuracy in the four quadrants. 

Current Converter 

This portion of the 1C combines the multiplier's differential- 
amplifier output currents and converts them to a single- 
ended output current. 

Current Sources 

These circuits provide the biasing currents for the various 
circuits in the 1C. The l|B terminal provides the control 
current for the current-source circuit. 

Feedthrough 

Feedthrough occurs when an output signal is produced even 
though one of the input signals is zero. Consequently, 
feedthrough signal characteristics constitute a source of error 
in the operation of a multiplier. In the CA3091D, for 
example, the feedthrough signal output is specified to be less 
than 20 mV p-p when either terminal is set at 20 V p-p and 
the other terminal is set to zero. 

'IB 

Circuit biasing control current. 

he 

See loc- 

10 2 
Output product current (k|l x l y = lob where k| = kRj / Rl 

•ocJic 

Compensatory input and output currents required to correct 
unlinearity along the x axis. (Optional for low-level signal use.) 

•x, ly 

Input currents to be multiplied, 
k 

Voltage Scale Factor (determines the gain of the multiplier). 

k| 

Current Scale Factor (k|) = (R^ / RjJk- 
k adjust 

Scale-Factor Adjustment. 

Linearity 

"Linearity" indicates the degree of multiplier error (i.e. 
deviation from "straight-line" characteristics) along each of 
the four boundaries of the input x, y field. These boundaries 
are formed when one input is held at one of the two 
maximum values (10 volts or -10 volts) and the other input 
is swept through the voltage range. (See Contour Map for 
additional information.) 



Note: See "Contour 
Map" in "Symbols, 
Terms and Defini- 
tions" Section. 


*- INPUT VOLTAGE (V, ) — V 

Fig. 12-Contour mapping of multiplier accuracy (plotted on isomers) and linearity. 


Linearity Adjust 

An external circuit to provide vernier adjustment for 
optimum linearity. This control should be adjusted before 
adjusting the y balance control. 

Linearity Balance Circuit (Low-Level) 

This circuit makes the multiplier's transfer function linear for 
low-level x-input signals. 

Linearity Compensator 

Internal circuitry that converts input current into a non- 
linear voltage, a requisite for producing a linear output in the 
differential amplifiers of the multiplier circuit. 

Multiplier Circuitry 

Provides the product of the two input voltages. 

Multiplier Transfer Function 

This function mathematically describes the interaction of the 
two inputs and the resulting output signal. The basic transfer 
function for a multiplier is 

k(V x + V xe ) (V y + V ye ) = V 0 + V oe 



^ V 0 ■ k V* Vy 
V X 

92CS-I9656 

Fig. 1 3— Gain-controlled amplifier. 

The basic multiplier, shown in Fig. 14a, is a two-quadrant 
multiplier. The input signal (V x ) may have either a positive 
or negative polarity whereas, the external gain-controlling 
signal (V y ) must be positive and greater than the base-to- 
emitter voltage (Fig. 14b). The output current (1 7 - 1 2) of the 
differential amplifier, comprised of transistors Q1 and Q2, is 
related to both the input signal (V x ) and the current source 
(I). Since the current source (I) is related to the gain 
controlling signal (V y ) the output current (I } - 12), therefore, 
is related to both V x and V y . 


where: k = k factor and represents the basic gain of the 

V x , V y = the external inputs to be multiplied 

V 0 = the desired value of the product output signal 

V xe , v ye = the "effective" errors that occur at the inputs 
of the multiplier and cause an output signal 
when either input is in a zero state. 

Voe = the error voltage that develops at the output of 
the multiplier 


DC correction factors are added to the multiplier inputs and 
output to compensate for the errors and offset variations. A 
complex linearity error term appears in the transfer function; 
however, this term is not included in the above equation for 
the purpose of clarity. 



92CS-I9657 

a) Basic circuit. 

Fig. 14— Two-quadrant multiplier. 


b) Multiplier functional 
only in shaded region. 


OPERATING CONSIDERATIONS 
Operation of a Multiplier 

A multiplier is, essentially, a gain-controlled amplifier (See 
Fig. 13) that multiplies the input signal (V x ) with the 
external gain controlling signal (V y ) to produce the resultant 
output (V Q ). The gain is externally adjustable by a coef- 
ficient (k). Stated simply, a multiplier produces an output 
voltage that is the linear product of two input voltages. 


This relationship is essentially non-linear; thus an appro- 
priate linearization circuit must be provided in the input 
stage to achieve the following linear relationship: 

ll-l 2 =k-V x V y (Eq. 1) 

where k' is a constant 
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Figure 15 shows a typical arrangement of three differential 
amplifiers to form a four-quadrant multiplier. This arrange- 
ment incorporates the operating principles of the two- 
quadrant multiplier, but, in addition, it permits both of the 
input signals (V x and Vy) to have positive or negative 
polarities (or zero). When either input is zero, the output 
current (lj -I2) must, theoretically, be zero as is shown by 
the following: 

1. Assume V x = O, 
then ii = i2 and i3 = i4 
therefore ii+i4 = »2 + '3- 
Since h = h+'4 and I2 = i 2 +i3, 
then h = l 2 . 

This equality is independent of Vy 

2. Now assume Vy = 0, 
then is = ie- 

Sine i5 = i-| and i£ = i3+i4, 
then ii+i 2 = 13+14. 

Since ii = i3and i 2 = 14 
then ii+i4 = i3+i 2 . 

Therefore h = l 2 - 

This equality is independent of V x . 



Fig. 15-Basic four-quadrant multiplier. 

The multiplying operation discussed in the previous section 
applies when neither V x nor Vy is zero. The output current 
0l^-l 2 )then satisfies Equation 1, 


TYPICAL OPERATING CONSIDERATIONS 

The RCA-CA3091D, shown in Fig. 2, is a four-quadrant 
multiplier that incorporates the basic multiplier principle, 
previously discussed in "Operation of a Multiplier". Because 
the design of this multiplier is based on the multiplication of 
two input currents to produce an output current it is 
necessary to convert the input voltages to input currents and 
the output current to an output voltage by inserting resistors 
at both input and output terminals. Fig. 1 shows the 
four-quadrant multiplier with its peripheral circuitry for 
nulling current unbalances. 

The Bias Current ( 1 1 3) at Term. 3 sets the operating current 
level for the entire multiplier circuit by means of a 
current-source circuit. Therefore, it is essential that this bias 
current level remain constant under all operating conditions. 
To maintain this steady state, a temperature compensated 
zener diode is provided on the chip and connected to the 
Reference Voltage (Term. 6). 

Linearity of the differential amplifier transconductance 
function is accomplished by linearity compensators as shown 
in Fig. 1. To correct low-level signal unbalances that may 
occur between Differential Amplifiers A and B, an external 
potentiometer is connected to Terminals 7 and 8 (See Fig. 
1). The Current Converter circuit, which consists of a set of 
current mirrors, supplies the output current (l-j - l 2 ). It is 
important that circuit unbalances be corrected prior to 
operation. Table I describes the alignment procedures for 
correcting these unbalances. 

A multifunctional circuit board (Figs. 16 and 17) is available 
for performing the four basic applications, such as, multi- 
plying, dividing, squaring and taking the square root. 

When the CA3091D is used as a multiplier (Fig. 18) or as a 
squarer (Fig. 18) only the basic pheripheral circuitry on the 
multifunctional circuit board is utilized and the general- 
purpose operational amplifier (CA3741T) is disabled from 
operation. Follow the ac alignment procedures for these two 
applications before operating the circuit. 

When the CA3091D is used as a divider (Fig. 20), the 
operational amplifier is required in order to provide the 
proper negative feedback. The limitations for operation as a 
divider are that 0<V y ^ 10V and -10V^ V z < 10V. Note, 
the range of V y is limited to the positive polarity; if V y was 
permitted to go negative, the feedback loop would go 
positive and, thereby, create an unstable operating condition. 


h-l 2 = k'V x Vy. 

The multiplying action of the four-quadrant multiplier is 
dependent on current unbalance in the three differential 
amplifiers. Ideally, the multiplying operation should not 
occur if either V x or V y is O. However, in practical 
applications slight current unbalances do exist. It is neces- 
sary, therefore, to null out such unbalances with external 
potentiometers prior to operation. 


Alignment of the divider (Fig. 19) differs from multiplier and 
squarer alignment because of the additional variances intro- 
duced by the operational amplifier. A coupling capacitor is 
provided at the output of the divider alignment circuit in 
order to separate the ac signal from the dc signal and, thus, 
avoid interaction between the calibrating potentiometers. 

The alignment procedure for the square-rooter function (Fig. 
21) is identical to the alignment procedure for the divider 
function. The input voltage range is limited to O < V| ^ 
Table I 


AC Alignment Procedures For CA3091D, Four-Quadrant Multiplier 
(Refer to Fig. 16, for circuit pertaining to following alignment procedures.) 


Step 

No. 

Voltage Setting 

Control 

Test 

Measure 

Notes 


V V 

Adjust 

Equipment 

Used 

1 

- 

- 

- 

_ 

- 

Set all potentiometers to center of range. 

2 

O 

V| M 

x Balance 

AC VM 

Vo 

Adjust for a minimum reading. 

3 

O 

V|M 

Linearity 

AC VM 

Vo 

Adjust for a minimum reading. 

4 

- 

~ 


- 

_ 

Repeat Steps 1 and 2 until no further improvement 
is noted. 

5 

V|M 

O 

y Balance 

AC VM 

Vo 

Adjust for a minimum reading. 

6 

O 

0 

Zero 

Output 

DC VM 

Vo 

Adjust for zero output. 

7 

V MID 

VMID 

Rk 

AC /DC VM 

Vo 

Adjust for V^ud/iO at the output. 

8 

- 

- 

- 

- 

- 

Check multiplier for alignment in all four quadrants. 


V IM - Is the maximum AC swing of the sine wove that will be applied to the multiplier. A 20-volt p-p value is the nominal maximum swing 
of the AC sine wave with input resistors of 50 kilohms. 

V MID — An or DC voltage that approximately satisfies the equation V M(D = V (M / JY. For example, if a 50-kilohm resistor is used with 
a 7-volt input, then should be adjusted for a 4.9-volt output. 


10V. This limitation is necessary in order to prevent the 
output voltage (V Q ) from ^tching to the negative output 
saturation voltage of the operational amplifier. Table II de- 
scribes the divider alignment procedure. 


x- BALANCE 



Fig.1 6— Typical multifunction circuit arrangement utilizing 
the CA3091D and CA3741 T. 



a) Foil side. 


22 1k a 68lkA IMA 50 kA POT. 392 k A 



0d v 0 6 0~ IN9I4 Vx 

b) Component side. 

Fig.1 7— Photographs of a printed-circuit board for multi- 
function applications ( multiplier , squarer, divider, 
square rooter) utilizing the CA3091D and CA3741T. 
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Table II — Divider Alignment Procedure 


Step 

No. 

Set 

Measure 

Output 

Coupling 

Ten 

Equipment 

Used 

Adjust 

Notes 

V * 

V 

Vy 

V 

1 

_ 

- 

- 

- 

- 

- 

Set all potentiometers to center of range. 

2 

0 

Vs 

v 0 

ac 

ac- VM 

Ozero 

Adjust for minimum reading. 

3 

0 

10 V dc 

Vo 

dc 

dc - VM 

* balance 

Adjust for OV dc output. 

4 

Vs 

vs 

Vo 

ac 

ac - VM 

V balance 

Adjust for minimum reading. 

S 

5Vdc 

5V dc 

Vo 

dc 

dc- VM 

•‘adjust 

Adjust for 10 Vdc output. 


CONNECT V* AND V y 
TERMINALS FOR SOU ARC R 



a) Circuit arrangement for multiplier or squarer operation. 
Fig. 18— Multifunction circuit-board arrangement 



c) Terminal connections for squarer operation. 


with terminal connections for multiplier and squarer operation. 




Fig. 19— (b) Circuit to provide offset ac signal for use in 
divider alignment procedure. 




a) Circuit arrangement for square-rooter operation. 


o o c 

Op > 

> C 

) c 

v r 

> c 
v 0 

? o c 

O’ 0 

j>, o 

0+ 6 

L_ 

s / 

s 



r 1 

V 0 IVy 

s y 



b) Terminal connections for divider operation. 


b) Terminal connections for square-rooter opera tion. 


Fig.20— Multifunction circuit-board arrangement with ter- 
minal connections for divider operation . 


Fig.21 -Multifunction circuit-board arrangement with ter- 
minal connections for square-rooter operation. 
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General-Purpose High-Current N-P-N Transistor - 


Zener Diode - Diode Array 


RCA CA3093E* is a versatile array of three high-current 
(to 100mA) NPN transistors, two 10%- tolerance Zener diodes 
and one conventional diode, all on a common monolithic 
substrate. Two of the transistors (Q^ and Q 2 ) are matched 
at 1 mA for applications in which offset parameters are of 
special importance. The combination of positive Zener voltage 
temperature coefficients and negative forward base-emitter 
voltage temperature coefficients provides a unique tempera- 
ture compensation capability. 


Independent connections for each transistor and diode plus 
a separate terminal for the substrate permit maximum flexi- 
bility in circuit design. 

•Formerly developmental type TA61 19 
#Z, , Z 2 and Dl are transistors internally connected as shown below. 


MAXIMUM RATINGS, Absolute-Maximum Values at T& = 25° C 


Power Dissipation: 


Any one transistor 

Any one Zener Diode 

Total package 

Above 25°C Derate linearly 

Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering) : 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max. 

The following maximum ratings apply for each transistor 

Col lector- to- Emitter Voltage (VqEO^ 

Col lector- to- Base Voltage (Vcbo) 

Col lector- to-Substrate Voltage (Vcio)* 

Em itter-to-Base Voltage (V^bo^ 

Col lector Cu rrent ( I q) 

Base Current (I g) 

The following maximum ratings apply for each Zener Diode or Diode 

Zener Diode dc Current (l Z ) 

Zener Diode-to-Substrate Voltage (V Z |q)* 

Diode (Dl) Forward Current (Iqf) * 

Diode (Dl) Reverse Voltage (Vqr) 

Diode (Dl)-to- Substrate Voltage (Vpio)* 


500 mW 

250 mW 

750 mW 

6.67 mW/°C 

—55 to +125 °C 

-65 to +150 °C 

+265 lo C 

15 V 

20 V 

20 V 

5.5 V 

100 mA 

35 mA 


35 mA 

20 V 

50 mA 

5.5 V 

20 V 


'The collector of each transistor, the cathode of each Zener diode, 
and the anode of the diode are isolated from the substrate by an 
internal diode. The substrate must be connected to a voltage which 
is more negative than any of these isolated terminals in order to 



Fig. 2 - hpE vs lc 


maintain isolation between devices and provide normal transistor 
action. To avoid undesired coupling between devices, the substrate 
terminal (5) should be maintained at either dc or signal (ac) ground. 
A suitable bypass capacitor can be used to establish a signal ground. 


TYPICAL STATIC CHARACTERISTICS 
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Fig. 3 - Vqe vs fC snd V D 1 vs Ipi 


Features: 

■ 6 independent devices plus separate substrate connection 

■ Compensating temperature coefficients — V(jE and Vqi 
VS. V Z 

Transistors 

■ High lc (100mA max) 

■ Matched pair (Q1 & Q z ) 

Viq = ± 5mV max) . . . . 

.oca ) at *C = 1mA 
I IO ” 2.5 /iA max I 

AV,q/AT = 5 pV/°C typ 

■ hpB = 40 min @ Iq = 10mA 

or 50mA 

■ Low VcEsat . . . 0.7V max @ 50mA 

Zener Diodes 

■ Two 1/4W Zeners 

■ V Z = 7V±10% 

■ z z = 15£2typ 

Diode 

■ Close forward voltage match to Vge's of Qi and Q 2 

■ Vpjy * 5.5V min. 


Applications 

■ Signal processing and switching systems operating from 
DC to VHF 

■ Lamp and relay driver 

■ Differential amplifier 

■ Temperature-compensated amplifier 

■ Thyristor firing 

■ Temperature-compensated shunt regulator 

■ Temperature-compensated series regulator 

■ Level shifting 

■ Voltage-level clamping 

■ Current regulator 

■ Voltage clamping 

■ Simple off-line regulated supply 

■ See RCA Application Note, ICAN-5296 "Application of 
the RCA-CA301 8 Circuit Transistor Array" for applications 
in addition to those given on pages 5 & 6 of this bulletin. 



SUBSTRATE 



Fig. 1 — Functional diagram of the CA3093E (bottom view ) 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 
For Equipment Design 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 


Min. 

Typ. 

Max. 

For Each Transistor: 

Col lector- to- Base 

Breakdown Voltage 

v (BR)CBO 

l C * 100/uA, Ie = 0 

20 

60 

- 

V 

Collector-to-Emitter 

Breakdown Voltage 

v (BR)CEO 

Iq = 1 mA, l B = 0 

15 

24 

- 

V 

Col lector-to-Substrate 

Breakdown Voltage 

v (BR)CIO 

l C) = 100 m A, l B = 0, 

Ie = o 

20 

60 

- 

V 

Emitter-to-Base 

Breakdown Voltage 

v (BR)EBO 

l E = SOOnA, l C = 0 

5.5 

6.9 

- 

V 

Collector-Cutoff-Current 

'CEO 

VqE = 10V, Ifl = 0 

- 

- 

10 

M A 

Collector-Cutoff-Current 

'CBO 

V CB = 10V, l E = 0 

- 

- 

1 

MA 

DC Forward Current 

Transfer Ratio 

h FE 

V CE - 3V 

Iq = 10mA 

40 

76 

- 


Iq = 50mA 

40 

75 

- 

Forward Base-to-Emitter Voltage 

V BE 

V CE = 3V, l c = I'OmA 

0.65 

0.74 

0.85 

V 

Collector-to-Emitter 

Saturation Voltage 

v CEsat 

Iq = 50mA, l B = 5mA 

- 

0.40 

0.70 

V 

Forward Base-to-Emitter 

Temp. Coefficient 

AV BE/£T 

1 E = 10mA 

- 

-1.9 

- 

mV/°C 

For Transistors Q1 and Q2 (As a Differential Amplifier): 

Absolute Input Offset Voltage 

!V|0' 

V CE = 3V * ic = 1mA 

- 

1.2 

5 

mV 

Absolute Input Offset Current 

So 1 

- 

0.7 

2.5 

mA 

Temp. Coefficient of Offset Voltage 

lAV| 0 MTi 

- 

- 

5 

- 

mV/°c 

J For Each Zener Diode j 

Zener Voltage 

Vz 

I 2 = 10mA 

6.3 

7 

7.7 

V 

Zener Impedance 

z Z 

l z = 10mA, f = 1 kHz 


15 

25 

n 

Zener Reverse Current 

'ZR 

Vz = +5V 

- 

- 

1 

ma 

Zener Voltage Temp. Coefficient 

AV 2 /AT 

l z - 10mA 

i.e. 

+3.6 

+.05 


mV/°C 

%/°C 

Zener-to-Substrate Breakdown 

Voltage 

v (BR)ZIO 

l 2 = 100^ A 
(Terminals 7 & 9) 

20 

60 

- 

V 

Dissipation 

_____ 


Refer to Example in 
Application "a" 

- 


250 

mW 

For Diode (D1) 

Diode Forward Voltage 

U. 

Q 

> 

l c - 10mA, V CE = 3V 

0.65 

0.74 

0.85 

V 

Diode Forward Current 

'df 


- 

- 

50 

mA 

Diode Reverse- Breakdown Voltage 

V (BR)DR 

lOR = 500 /uA 

5.5 

6.9 


V 

Diode-to-Substrate 

Breakdown Voltage 

V (BR)DIO 

1 Diode = 10 °mA 
(Terminal 10) 

20 

60 


V 

Diode Forward-Voltage 

Temp. Coefficient 

av df /at 

Iqf = 5mA 

- 

-1.9 


mV/°C 



Fig. 5 - V CEsat vs Iq at 70° C 


S 
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SET DC FORWARD-CURRENT TRANSFER RATIO <h F£ ) = lo' 
AMBIENT TEMPERATURE (T») = 25°C 
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COLLECTOR MILLIAMPERES (I c > 

92CS-I 7767 


Fig. 6 - V BEsat vs Iq 



differential amplifier) 



differential amplifier) 



Fig. 9 - Typical Zener breakdown voltage vs current 



92CS-I9602 

Fig. 10- Typical Zener impedance vs current 
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LINEAR INTEGRATED CIRCUITS 


CA3093E 

TYPICAL APPLICATIONS 


a) ±7V Regulator supplying CA3093E Transistors plus an external b) 14V Regulator for Q1. Q2, Q3 
load. 


+V UNREG O Wr 

9 A ^ 1 z 1 





DC 

A 

CA3093E 


EXTERNAL 

COMMON ° 

7 I^Z2 

LOAD 


LOAD 

-VuNREG O— A/W- 

66 







Sample Computation for Determining Permissible Zener Dissipation 
at +25°C. 

CA3093E Ratings at T A - +25°C 

Total Diss. Max « 750 mW (Derate @ 6.67 mW/°C above 25°C) 
Each Zener Diss. Max = 250 mW 
Max. Zener Current = 35 mA 

Assume CA3093E Transistor /Diode Load Dissipation - 350 mW then 
max. total Zener Diss. (P Zl + P Z2 ) ** 750 350 - 400 mW 

400 mW 

(•zi + IZ2* m * x TV — * 67 mA 

(Note: Max. current rating on each Zener is 35 mA) 


Typical Load Regulation 
for * 0 to 25 mA 

AE l /E l x 100 * -6% 
(no load to full load) 


Typical Line Regulation 


(AE L /E L ) x 100 

AE unreg. 


t 0.9%/V 


Typical Temperature Characteristic 

ae l /e l 

~ V - X 100 - +0.06%/°C 


c) 8.6V Temp. -Compensated Shunt Regulator 



Typical Temperature Characteristic @ R l = 330ft 

AE L /E L x 100 = ± 0.007%/°C 
AT 

Typical Load Regulation II = 0 to 40 mA 
(AE(_/E|_) * 100=5-3% (no load to full load) 


Typical Line 
A E unreg. 


Regulation at R(_ = 330ft 
x 100- t 0.55%/V 


d) Tamp.-Compensated Series Voltage Regulator 



e) Off-Line 7V Regulator 

off-line 7V regulator 



^I L =0 TO 30rrA 


R L 


9ZCS- 19687 


Typical Temperature Characteristic @ E l = 12V 

ae l /e l 

— — x 100= t 0.009%/° C 

AT 

Typical Load Regulation @ E L = 12V 

l(_ = 0 to 40 mA 


Typical E^ Ripple Voltage = 70 mVp. p 
AEl 

Typical Load Regulation =-^ — x 100 = -8.5% (no load to full load) 
I L * 0 to 30 mA L 


AE U 


t 0.4% (no load to full load) 


_ (AE L /El)x100 

Typical Line Regulation = 

* E AC 


= ± .075%/V 
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LINEAR INTEGRATED CIRCUITS 


CA3094, CA3094A, CA3094B Types 
Programmable Power Switch/ 
Amplifier 


For Control & General-Purpose Applications 


CA3094: For Operation Up to 24 Volt* 

CA3094A: For Operation Up to 36 Volts 
CA3094B: For Operation Up to 44 Volts 

APPLICATIONS: 

■ Error-signal detector: temperature control with thermistor 
sensor; speed control for shunt wound dc motor 

a Over-current, over-voltage, over-temperature protectors 
a Dual-tracking power supply with RCA-CA3085 

■ Wide-frequency-range oscillator ■ Analog timer 

■ Level detector ■ Alarm systems a Voltage follower 
a Ramp-voltage generator ■ High-power comparator 
a Ground-fault interrupter (GFI) circuits 

TheCA3094 is a differential-input power -control switch/ampli- 
fier with auxiliary circuit features for ease of programmability. 
For example, an error or unbalance signal can be amplified by 
the CA3094 to provide an on-off signal or proportional-control 
output signal up to 100 mA. This signal is sufficient to 
directly drive high-current thyristors, relays, dc loads, or power 
transistors. The CA3094 has the generic characteristics of the 
RCA-CA3080 operational amplifier directly coupled to an 
integral Darlington power transistor capable of sinking or 
driving currents up to 100 mA. 

The gain of the differential input stage is proportional to the 
amplifier bias current OaBC)' permitting programmable 
variation of the integrated circuit sensitivity with either 
digital and/or analog programming signals. For example, at 
an IabC °* *00 /iA, a one-millivolt change at the input will 
change the output from 0 to 100 mA (typical). 

The C A 3094 is intended for operation up to 24 volts and is 
especially useful for timing circuits, in automotive equip- 
ment, and in other applications where operation up to 24 
volts is a primary design requirement (see Figs.27,28 and 29 in 
Applications Section). The CA3094A and CA3094B are 
like the CA3094 but are intended for operation up to 36 
and 44 volts, respectively (single or dual supply). 

Application Note ICAN-6668 describes the rudiments of 
Operational Transconductance Amplifiers (OTA's). 

These types are available in 8-lead TO-5 style packages with 
standard leads ("T" suffix) and with dual-in-line formed leads 
"DIL-CAN" ("S" suffix). Type CA3094 is also available in 
an 8-lead dual-in-line plastic package "MINI-DIP" ("E" suffix), 
and in chip form ("H" suffix). 

APPLICATION NOTE ICAN-6048 GIVES DETAILED APPLICA TION 
INFORMATION FOR THE CA3094 . CA3094A. AND CA3094B. 


EXTERNAL FREQUENCY ^ ^ 

COMPENSATION OR INHIBIT INPUT (V) OpV* 




NOTE PIN 4 IS CONNECTED TO CASE 
TOP VIEW 

52CS- 24881 

TO-5 Style Package 


Plastic Package 


Features: 

■ Designed for single or dual power supply 

■ Programmable: strobing, gating, squelching, AGC capabilities 

■ Can deliver 3 watts (avg.) or 10 W (peak) to external load (in switching mod*) 

■ High-power, single-ended dess A amplifier will deliver power output of 0.6 
watt (1.6 W device dissipation) 

■ Total harmonic distortion (THD) @ 0.6 W in dass A operation — 1.4% typ. 

■ High current-handling capability — 100 mA (avg.), 300 mA (peak) 

■ Sensitivity controlled by varying bias currant 

■ Output: /'sink" or "drive" capability 


MAXIMUM RATINGS, Absolute-Meximum Values: 

DC SUPPLY VOLTAGE: 

Dual Supply 

Single Supply 

DC DIFFERENTIAL INPUT VOLTAGE 

(Terminals 2 and 3) 

DC COMMON-MODE INPUT VOLTAGE 

PEAK INPUT SIGNAL CURRENT 

(Terminals 2 and 3) 

PEAK AMPLIFIER BIAS CURRENT 

(Terminal 5) 

OUTPUT CURRENT: 

Peak 

Average 

DEVICE DISSIPATION: 

Up to T A = 5500: 

Without heat sink 

With heat sink 

Above T a - 55°C *. V 

Without heat sink derate linearly 

With heat sink derate linearly 

THERMAL RESISTANCE 

(Junction to Air) 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) 
from case for 10 s max. 


CA3094 

CA3094A 

CA3094B 

± 12 V 

± 18 V 

±22 V 

24 V 

36 V 

±5* 

44 V 


Term. 4 <Term. 2& 3 < Term. 7 


-± 1 ■ 


300 - 
- 100 - 


• 630- 
- 1 . 6 - 


mA 


mA 


mA 

mA 


mW 

W 


-6.67 
16.7 — 


- mW/°C 
* mW/°C 


- 140 - 


--55 to +125- 
■ —65 to +1 50 - 


+ 300- 


°c/w 

OC 

oc 


oc 



Exceeding this voltage rating will not damage the device unless the peak input signal current (1 mA) is also exceeded. 


Typical Characteristics Curves 


OUTPUT 

MODE 

OUTPUT 

TERM. 

INPUTS 

INV. 
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92CS -17588 


Fig. 1 —Schematic diagram of CA3094. 


Fig 2— Input offset voltage vs. amplifier bias 
current 0j\gc terminal No. 5). 


AMPLIFIER BIAS MICROAMPERES (I ABC ) 

82CS-ITS8* 

Fig. 3— Input offset current vs. amplifier bias 
current (I ^ qq terminal No. S). 
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LINEAR INTEGRATED CIRCUITS 


CA3094, CA3094A, CA3094B Types 


ELECTRICAL CHARACTERISTICS «T A - 26° C For Equipment Duign 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 


Teat 

Circuit 

Fig. No. 

Single Supply V+ - 30 V 
Dual Supply V+ - 15 V, 
V--15V 

•ABC" 100 pA 

Unless Otherwise 
Specified 

Cher. 

Curves 

Fig. No. 

Min. 

Typ. 

Max. 

UNITS 

\ INPUT PARAMETERS | 

Input Offset Voltage 

V|0 

17 

T A = 25°C 

T A = 0 to 70°C 

2 

_ 

0.4 

5 

7 

mV 

mV 

Input-Off set- Voltage Change 

| A V| 0 | 


Change in V|Q 

Between l A RC =100 pA 

and IaBC = 5 jxA 


_ 

1 

8 

mV 

Input Offset Current 

Mo 

18 

Ta = 25°C 

T A = 0 to 70°C 

3 

— 

0.02 

0.2 

0.3 

HA 

MA 

Input Bias Current 

ll 

19 

T A = 25°C 

T A = 0 to 70°C 

4 

— 

0.2 

0.50 

0.70 

ma 

mA 

Device Dissipation 

Pd 

18 

lout = 0 

5,6 

8 

10 

12 

mW 

Common-Mode Rejection Ratio 

CMRR 

20 



70 

110 

- 

dB 

Common-Mode Input- 

Voltage Range 

V ICR 

20 


7 

27 

28.8 

- 

V 

Low 

1.0 

0.5 

- 

V 

V+= 15 V 

V-= 15 V 

7 

+12 

-14 

+13.8 

-14.5 

- 

V 

V 

Unity Gain-Bandwidth 



IC = 7.5 mA 

V C E = 15 V 

l A BC= 500 ;uA 


- 

30 

- 

MHz 

Open- Loop Bandwidth 

At -3 dB Point 

BWol 


IC = 7.5 mA 

V C E= 15 V 

1 ABC = 500 mA 

12 

- 

4 

- 

kHz 

Total Harmonic Distortion 

(Class A Operation) 

THD 


PD ^ 220 mW 

P D - 600 mW 


- 

0.4 

1.4 

- 

% 

Amplifier Bias Voltage 

(Terminal (No.5 to Terminal No.4) 

VABC 




- 

0.68 

- 

V 

Input Offset Voltage 

Temperature Coefficient 

AVio/AT 




- 

4 

- 

pV/oC 

Power-Supply Rejection 

AV|o/AV 

17 



- 

15 

150 

MV/V 

1/F Noise Voltage 

en 

21 

f = 10 Hz 

lABC= 50 nA 

8 

- 

18 

- 

t?\^/Hz 

1/F Noise Current 

'n 


f = 10 Hz 

•abc = 50 mA 

9 

- 

1.8 

- 

pA/ftz 

Differential Input Resistance 

R| 


1 ABC = 20 mA 


ESI 

1 

- 

M El 

Differential Input Cajracitance 



f = 1 MHz 

V+= 30 V 


- 

2.6 

- 

PF 


10 % 

SUPPLY VOLTS: V + *4-15, V~« -15 
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Fig.4— Input bias current vs. amplifier bias 
current (I ABC terminal No. 5). 



Fig. 5- Device dissipation vs. amplifier bias 
current (I A g C terminal No. 5). 



AMPLIFIER BIAS CURRENT (I A BC>— P* 

9ZC5-20M6 


Fig. 6— Amplifier supply current vs. amplifier 
bias current 0 A qq terminal No. 5 ). 
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Fig. 8 - 1/F Noise voltage vs. frequency. 


Fig. 9- 1/F Noise current vs. frequency. 
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LINEAR INTEGRATED CIRCUITS 


CA3094, CA3094A, CA3094B Types 

ELECTRICAL CHARACTERISTICS at Ta - 2S°C For Equipment Design 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

Test 

Circuit 

Fig. No. 

Single Supply V+ * 30 V 
Dual Supply V+ - 15 V, 
V~ = 15 V 

•abc * 100 mA 

Unless Otherwise 
Specified 

Char. 

Curves 

Fig. No. 

Min. 

Typ. 

Max. 

OUTPUT PARAMETERS ( Differential Input Voltage = 1 V) 

Peak Output Voltage: 
(Terminal No. 6) 

With Q13 "ON" 

With Q13 "OFF" 

V+OM 

V-OM 


V+ = 30 V 

RL = 2kHto ground 


26 

27 

0.01 

0.05 

V 

V 

Peak Output Voltage: 
(Terminal No. 6) 

Positive 

Negative 

V+OM 

V-OM 


V+ = +15V, V" = -15 V 

R|_ = 2 k!2 to -15 V 


+ 11 

+12 

-14.99 

0.5 

-14.95 

V 

V 

Peak Output Voltage: 
(Terminal No. 8) 

With Q13 "ON" 

With Q13 "OFF" 

V+OM 

V-OM 


V+ = 30 V 

R L = 2 k!2 to 30 V 


29.95 

29.99 

0.040 


V 

V 

Peak Output Voltage: 
(Terminal No. 8) 

Positive 

Negative 

V+OM 

V-OM 


V+ = 15 V, V- = - 15 V 
R L = 2 k£l to + 15 V 


+ 14.95 

+ 14.99 

14.96 

- 

V 

V 

Collector-to-Emitter 

Saturation Voltage 
(Terminal No. 8) 

VcE(sat) 


V+ = 30 V 

1C = 50 mA 

Terminal N0.6 grounded 

10 

- 

0.17 

0.80 

V 

Output Leakage Current 
(Terminal No. 6 to 

Terminal No. 4) 



V+ = 30 V 


- 

2 

10 


Composite Small-Signal 
Current Transfer Ratio (Beta) 

(Ci|2 and Qi 3) 

hfe 


V+ = 30 V 

VCE = 5 V 

1C = 50 mA 

11 

16,000 

100,000 

- 


Output Capacitance: 

Terminal No. 6 

Terminal No. 8 

c 0 


f = 1 MHz 

All Remaining 

Terminals Tied to 

Terminal No. 4 


- 

5.5 

17 

- 

pF 

pF 

[ 

| TRANSFER PARAMETERS | 

Voltage Gain 

A 

22 

V+ = 30 V 
lABC = 100 /iA 

AV out = 20 V 

R L = 2 kQ 

12 

20,000 

86 

100,000 

100 


v/v 

dB 

Forward Transconductance 

To Terminal No. 1 

9m 



13 

1650 

2200 

2750 

/Limhos 

Slew Rate: 

Open Loop: 

Positive Slope 

Negative Slope 


23 

lABC = 500 /u A 

RL= 2 k« 

14 

- 

500 

50 

- 

< < 

■Sr ■£' 

Unity Gain 

(Non- Inverting, 
Compensated) 


24 

lABC = 500 juA 

RL = 2 kS2 

15 

- • 

0.7 

- 

V//is 



vs. collector current of output tran- 
sistor Qjj 




92CS-Z0392 

Fig. 12-Open-loop voltage gain vs. frequency 




92CS-2039S 



CLOSED-LOOP VOLTAGE GAIN U CL 1— 4B 

92CS -203*4 


Fig. 13— Forward transconductance vs. amp- 
lifier bias current. 


Fig. 14— Slew rate vs. amplifier bias current. 


Fig. 15-Slew rate vs. closed-loop voltage gain. 







linear Integrated circuits 


CA3094, CA3094A, CA3094B Types 



OPERATING CONSIDERATIONS 

The "Sink" Output (terminal No. 8 ) and the "Drive" Output 
(terminal No. 6 ) of the CA3094 are not inherently current 
(or power) limited. Therefore, if a load is connected between 
terminal No. 6 and terminal No. 4 (V~ or ground), it is 
important to connect a current-limiting resistor between 
terminal 8 and terminal No. 7 (V+) to protect transistor Of 3 
under shorted load conditions. Similarly, if a load is 
connected between terminal No. 8 and terminal No. 7, the 
current-limiting resistor should be connected between ter 
minal 6 and terminal No. 4 or ground. In circuit applications 
where the emitter of the output transistor is not connected 
to the most negative potential in the system, it is recom- 
mended that a 100 -ohm current-limiting resistor be inserted 
between terminal No. 7 and the V + supply. 


Fig. 16-Phase compensation capacitance and 
resistance vi. closed-loop voltage gain. 



fig. 17— input offset voltage and power-supply rejection test circuit 


♦ 30 V 



«2CS-20397Ri 

Fig. 18-input offset current test circuit. 


TEST CIRCUITS 

1/F Noise Measurement Circuit 

When using the CA3094, A, or B audio amplifier cir- 
cuits, it is frequently necessary to consider the noise perform- 
ance of the device. Noise measurements are made in the circuit 
shown in Fig. 21. This circuit is a 30-dB, non-inverting amp- 
lifier with emitter-follower output and phase compensation 
from terminal No. 2 to ground. Source resistors (Rs) are set to 
0.0 or 1 M £2 for E noise and 1 noise measurements, respec- 
tively. These measurements are made at frequencies of 10 Hz, 
100 Hz, and 1 kHz with a 1-Hz measurement bandwidth. 
Typical values for 1/f noise at 10 Hz and 50 pA I^qq ar ® 
E n = 18 nV/^flZand l N = 1.8 pA/yp^. 


+ 30V 




92CS-20399 

Fig.20~Common-mode range and rejection ratio test circuit. 





+■ 15 V 
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LINEAR INTEGRATED CIRCUITS 


CA3095E 


Super-Beta Transistor Array 

Differential Cascode Amplifier Plus 3 Independent Transistors 


RCA-CA3095E is a monolithic array of transistors con- 
nected as a super-beta differential cascode amplifier with 
three independent n-p-n transistors. (Refer to Fig. 1 for 
following description.) 

The differential cascode amplifier incorporates two cascode 
amplifiers consisting of transistors Ql, Q3 and Q2, Q4, 
respectively, plus a voltage-limiting circuit, consisting of 
diodes D1, D2 and p-n-p transistor Q5. Two of these 
transistors, Ql and Q2, are super-beta types that have an 
h FE > 1000 and are capable of operating over a wide current 
range of 1 p A to 2 mA. Each of these types comprises the 
input section of its respective cascode amplifier. The output 
section of each cascode amplifier employs a conventional 
n-p-n transistor, Q3, Q4, respectively. The output signal is 
obtained at the collectors of these transistors. See Operating 
Considerations for bias considerations of the differential 
cascode amplifier. 


MAXIMUM RATINGS, Absolute-Maximum Values at T A » 25 °C 


Power Dissipation: 


Any One Transistor 

300 

mW 

Total Package- 

Up to 25 °C 

750 

mW 

Above 25 C derate linearly 

6.67 

mW/°C 

Ambient Temperature Range: 

Operating 

-55 to +125 

°C 

Storage 

—55 to +150 

°c 

Lead Temperature (During Soldering) : 

At distance not less than 1/32" (0.79 mm) 
from case for 10 seconds max 

+265 

°c 

Voltage and Current Ratings Apply for Each 
Specified Transistor: 

Super-Beta Transistors (Ql, Q2)— 

Collector-to-Base Voltage (Vcbo) 

6 

V 

Emitter-to-Base Voltage (VgBO) 

6 

V 

Gollector-to-Substrate Voltage (Vqio)*- • 

45 

V 

Collector Current (lc) 

50 

mA 

Base Current (lg) 

20 

mA 


The exceptionally high-beta characteristics of Ql and Q2, 
plus the large signal-voltage swing capability of Q3 and Q4, 
make the composite differential cascode amplifier an excel- 
lent choice for a broad range of small-signal, high-input- 
impedance amplifier applications including low-noise video 
amplifiers. This amplifier is also recommended for use in 
long-interval timers, oscillators, and long-duration one-shot 
applications. 

The independent transistors, Q6, Q7 and Q8, are high-voltage 
silicon n-p-n conventional types for general use in signal 
processing systems in the frequency range from dc through 
vhf. Separate terminals for each of these transistors permit 
maximum flexibility in circuit design. 

The CA3095E is supplied in a 16-lead dual-in-line plastic 
package and operates over the ambient temperature range of 
— 55°C to +125°C 


Conventional N-P-N Transistors (Q3, Q4, Q 6 , 
Q7, 08)- 


Coliector-to-Base Voltage (Vcbo) 

45 

V 

Collector-to-Emitter Voltage (Vq£q) . . . 

35 

V 

Emitter-to-Base Voltage (Vj=bq) 

6 

V 

Col lector- to-Substrate Voltage (Vcio)*.'. 

45 

V 

Collector Current (lc) 

50 

mA 

Base Current (lg) 

Conventional P-N-P Transistor (Q5)- 

20 

mA 

Collector-to-Base Voltage (Vcbo) 

-45 

V 

Collector-to-Emitter Voltage (Vceq) . . . 

-35 

V 

Limiting Circuit Current (lp in 1 1 ) 

20 

mA 


# The collector of each transistor is isolated from the substrate by 
an integral diode. The substrate must be connected to a voltage 
which is more negative than any collector voltage in order to 
maintain isolation between transistors and provide normal transistor 
action. To avoid undesired coupling between transistors, the 
substrate terminal should be maintained at either dc or signal (ac) 
ground. A suitable bypass capacitor can be used to establish a signal 
ground - 


Features 

* Two super-beta n-p-n transistors - hpE > 1000 

■ Voltage-limiting circuitry (D1, D2, Q5) 

■ Operation possible at l|B down to < 1 nA 

■ Matched pair (Ql and 02) - 

V|0 * 5 mV max. at lc * 100 pA dc 
l|0 ■ 20 nA max. at lc * 100 /iA dc 
a Wide current range - < 1 //A to 2 mA 

independent Transistors: 
a hpE * 300 typ. for each transistor 

■ Wide current range — < 1 jiA to 10 mA 
a Matched general-purpose transistors 

a High voltage - VqbO “ 45 V max. 

Applications 

Differential Cascode Amplifier: 
a Super-beta pre-amplifier for op-amp 
a High-impedance dc meter amplifier 

■ Low-noise video amplifier 

■ Piezoelectric transducer amplifier 

■ Long-interval timer 

a Long-duration one-shot multivibrator 

• Comparator with high-input impedance 

■ Long-time-constant integrator 

■ Photocell amplifier 

■ Low-noise amplifier— for operation from high-source 

impedances 

Independent Transistors: 

■ General use in signal processing systems in dc through vhf range 



Fig. 1— Functional diagram. 


Test Circuits for Measurement of Super-Beta 
Cascode Amplifier Characteristics 




STATIC CHARACTERISTICS 




Test Conditions 

Limits 


Characteristics 

Symbol 

T A = 25 °C 

Min. 

Typ. 

Max. 

Units 

Characteristics Apply for Each Super-Beta Cascode Amplifier T ransistor 

Pair (Ql, Q3) and (Q2, Q4), Unless Indicated Otherwise 

Coliector-to-Base Breakdown Voltage 

V(BR)CBO 

Iq = 10 pA, lg - 0 See Note 1 

6 


- 

V 

Emitter-to-Base Breakdown Voltage 
(Applies only to Ql & Q2) 

V(BR)EB0 


6 

8 


V 

Collector-to-Substrate Breakdown Voltage 

v (BR)CIO 

l C! = 100 pA, l B = l E = 0 

45 

- 

- 

V 

Collector Cutoff Current 

| 

V 6 _ 8 or V| 0 — 8 = 10 V, l n - 100 pA 

r B e = 100 MO 

■ 

■ 


nA 



V 1 0—8 = 5 V 

Iq = 1 mA 

- 

1500 

-- 


DC Forward-Current Transfer Ratio 


V 6 -8 - 5 V 


BBS 


123 





mmiim 

- 

1500 

- 


Base-to-Emitter Voltage 

(Applies only to Ql & Q2) 

V B E 

lc = 100 pA, Vg_8 or V 10 -8 = 5 v 

0.50 

0.59 

0.68 

V 

Saturation Voltage 


lg °r 1 1 0 = 1 mA. hi “ 100 M A, 

I 7 or lg = 100 pA 

- 


D 

V 

| For Cascode Amplifiers as a Differential Matched Pair 1 

Magnitude of Input-Offset Voltage 

liol 

IQ = 100 pA 


- 

1 

• 

mV 

Magnitude of Input-Offset Current 

I'ioI 

Vg_8 * Vi 0-8 - 5 V 


- 

4 

E9 

nA 

Magnitude of Input-Offset Voltage Drift 
(Temp, Coeff.) 

IAviqI 

AT 




| 

■ 

pV/°C 

Magnitude of Input-Offset Current Drift 
(Temp. Coeff.) 

lAlipl 

At 



- 

0.05 

- 

nA/°C 


Note 1 : Terminal No. 9 to terminals 10 and 1 1 connected or terminal No. 7 to terminals 6 and 1 1 connected. 
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LINEAR INTEGRATED CIRCUITS 


CA3095E 


STATIC CHARACTERISTICS (Coin'd) 


Characteristics 

Symbol 

Test Condition* 

Limits "| 

Units 

T a = 25 °C 

Min. 

Typ. 

Max. 

For Each Conventional n-p-n Transistor (Q2 

, Q4, Q6, Q7, Q8) 


Collector-to-Base Breakdown Voltage 

v (BR)CBO 

Iq = 10 mA, l B - 0 

45 

95 

- 

V 

Collector-to-Emitter Breakdown Voltage 

v (BR)CEO 

Iq = 1 mA, lg = 0 

35 

50 

- 

V 

Emitter-to-Base Breakdown Voltage 

v (BR)EBO 

lg = 100 mA, Iq = 0 

6 

8 

- 

V 

Collector-to-Substrate Breakdown Voltage 

v (BR)CIO 

Id = 100 pA, l B = l E = 0 

45 

95 

- 

V 

Collector Cutoff Current 

'CEO 

V CE = 10 V, l B = 0 

- 

- 

100 

nA 

Collector Cutoff Current 

'CBO 

Vq b = 10 V, l E = 0 

- 

- 

10 

nA 

DC Forward-Current Transfer Ratio 

h FE 

V CE = 5 V 

Iq = 10 mA 


210 

- 


Iq = 1 mA 

150 

300 

500 

Iq = 10pA 

- 

180 

- 

Base-to-Emitter Voltage 

V BE 

Iq = 1 mA, Vq B = 6V 

0.60 

0.69 

0.78 

V 

Collector-to-Emitter Saturation Voltage 

v CE(sat) 

Iq = 10 mA, lg = 1 mA 


0.22 

0.7 

V 


Dynamic Characteristics 


Characteristics 

Symbol 

Test Conditions 

| Limits 

Units 

T A = 25°C 

Min. 

Typ. 

Max. 

Characteristics Apply for Each Super-Beta Cascode Amplifier Transistor 

Pair (Q1, Q3), Unless Indicated Otherwise 

Gain-Bandwidth Product 

f T 

Iq = 100 mA, V 6 _ 8 - V 10 _8 = 5 V, 

- 

78 

- 

MHz 

Noise Voltage (Referred to Input) 

For Differential Amplifier Operation 

e N 

Iq = 50 pA, f = 10 Hz 

- 

13 

- 

nV/VRz 

Noise Current (Referred to Input) 

For Differential Amplifier Operation 

•n 

Iq - 5 pA, f = 10 Hz 

- 

0.12 

- 

pA/ /H I 

Collector-to-Base Capacitance 

C CB 

V6_7 = V i Q_g = 5 V. Ig= 0 

- 

0.3 


pF 

Collector-to-Substrate Capacitance 

c ClO 

V6~5 = VlO— 5 = 5 V,l B = 0 

- 

3.0 

- 

pF 

| For Each Conventional Transistor (Q3 through Q8) j 

Gain-Bandwidth Product 

fT 

Iq = 100 pA, Vqe = 5 V 

- 

100 

- 

MHz 

1C = 3 mA, Vqe = 5 V 


320 

- 

Noise Voltage (Referred to Input) 

e N 

Iq = 100 mA, Vq E = 5 V, f = 10 Hz 

- 

5 

- 

nV/s/Hz 

Noise Current (Referred to Input) 

'N 

Iq = 10pA, Vqe = 5 V, f = 10 Hz 

- 

0.8 

- 

pA/ 7 h7 

Collector-to-Base Capacitance 

C CB 

V CB = 5 V, l E = 0 

- 

0.4 

- 

pF 

Collector-to-Substrate Capacitance 

C CI0 

Vqi =5 V, l B = 0 

- 

2 

~ 

pF 


* Curve plotted for I q^q characteristic. 


Test Circuits for Measurement of Super-Beta 
Cascode Amplifier Characteristics 





AMBIENT TEMPERATURE (T A ) *C 

92CS-20355 

Fig. 6- Collector cut-off current vs ambient 
temperature for super-beta cascode 
pairs. 



Fig. 7—hfE vs. Iq for each super-beta cascode 
amplifier transistor pair (Q 1, Q3) and 
(02, 04). 



Fig.8—Vg£ vs. Iq for each super-beta tran- 
sistor (Q1 and 02). 



Fig.9— VQE(sat) vs - for 6ach sup«r-beta 
cascode amplifier transistor pair (Qf, 
Q3) and (02, Q4). 
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LINEAR INTEGRATED CIRCUITS 

CA3095E 



9ZCS-2Q529 


Fig.22—Gain bandwidth product vs collector 
current for the conventional 
transistors. 
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) 100 1000 10,000 
FREQUENCY ( f ) — HZ 

Fig. 23- Noise voltage vs frequency for the 
conventional transistors. 



Fig. 24— 1ft vs. f for each conventional tran- 
sistor (06, Q7, Q8). 
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Fig. 25 — Codec tor- to-base and emitter- to-base 
capacitances vs bias voltage for the 
conventional transistors. 
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Fig.26-Co/lector-to-substrate capacitance vs bias voltage 
for the conventional transistors. 


TYPICAL APPLICATIONS 


Operating Considerations 

Operation Considerations lor the Super-Beta Differential 
Cascode Amplifier 

An internal voltage-limiting network (diodes 01, 02 and 
p-n-p transistor Q5) incorporated in the differential cas- 
code amplifier, assures that the applied col lector-to -emitter 
voltage of each super-beta unit is maintained below two 
volts. Fig. 27 shows a typical bias arrangement of the 
super-beta differential cascode amplifier. 

Bias current for this network must be supplied by an 
external source. This bias current can be obtained by 
simply connecting a resistor from Pin 11 to the positive 
supply of the differential amplifier. The return path for 
most of the bias current is through the substrate, Pin 5, 
rather than through the common emitter, Pin 8. This 
arrangement provides superior common-mode and power- 
supply rejection. As a general rule-of-thumb, the current 
supplied into Pin 11 should be approximately 0.04 to 0.1 
times the value of the quiescent current of Pin 8. 



Fig 27- Bias arrangement for operation of the super-beta 
differential cascode amplifier. 



238 





LINEAR INTEGRATED CIRCUITS 


CA3095E 


TYPICAL APPLICATIONS (Cont'd) 



• SEE FIG. 27 


Fig.29-Super-beta Op-Amp with resistor drive network. 



A,.|2--3l.5(30dB) 92CS-20374 

«- SEE FIG. 27 

Fig.30— High-input-impedance, low-noise amplifier circuit. 



Fig.31— Typical high-input-impedance dc voltmeter circuit. 



Fig. 32- Long-delay monostable multivibrator circuit. 



v^sv 



Fig.34—CA3095E wideband amplifier. 



Fig. 35— Equivalent input noise voltage vs. frequency 


for circuit of figure 34. 
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LINEAR INTEGRATED CIRCUITS 


CA3096E, CA3096AE 


N-P-N/P-N-P Transistor-Array 1C 


RCA-CA3096E and CA3096AE are general-purpose high- 
voltage silicon transistor arrays. Each array consists of five 
independent transistors (two p-n-p and three n-p-n types) on 
a common substrate, which has a separate connection. 
Independent connections for each transistor permit maxi- 
mum flexibility in circuit design. 


Types CA3096AE and CA3096E are identical, except that the 
CA3096AE specifications include parameter matching and 
greater stringency in lcBO» 'CEO' ancl V CE(SAT) (see Table I). 
CA3096E and CA3096AE are supplied in 16-lead dual-in-line 
plastic packages. 


TABLE I— CA3096AE AND CA3096E ESSENTIAL DIFFERENCES* 


RCA 

TYPE 

'CBO 

(nA) 

'CEO 

(nA) 

V CE(SAT) 

(V) 

|V| 0 I 

(mV) 

Ihol 

<M A) 

n-pn 

pn-p 

n-pn 

pn-p 

n-pn 

pn-p 

n-p-n 

pn-p 

n-pn 

pn-p 

CA3096AE 

40 

-40 

100 

-100 

0.7 

0.4 

5 

5 

0.6 

0.25 

CA3096E 

100 

-100 

1000 

-1000 

1.0 

0.7 

- 

- 

- 

- 


* Maximum values. 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C (For Equipment Design) 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

CA3096AE, CA3096E 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 


For Each n-p-n Transistor: 

'CBO 

Vqb - 10 V, l E = 0 


0.0013 

40 

nA 

Collector-Cutoff Current (CA3096AE) 

Collector-Cutoff Current (CA3096AE) 

'CEO 

o 

J? 

> 

o 

LU 

o 

> 

- 

0.0055 

100 

nA 

Collector-Cutoff Current (CA3096E) 

*CBO 

Vqb = 10 V, l E = 0 

- 

0.0013 

100 

nA 

Collector-Cutoff Current (CA3096E) 

'CEO 

V C £ = 10 V, l B = 0 

- 

0.0055 

1 

PA 

Collector-to-Emitter Breakdown Voltage 

v (BR)CEO 

Iq = 1 mA, lg = 0 

35 

50 

- 

V 

Collector-to-Base Breakdown Voltage 

v (BR)CBO 

l C - 10 fJA, l E = 0 

45 

100 

- 

V 

Col lector- to-Substrate Breakdown Voltage 

v (BR)ClO 

1 C 1 = 10 P A. ' B = ' E = 0 

45 

100 

- 

V 

Emitter-to-Base Breakdown Voltage 

v (BR)EBO 

l E = 10/UA, l C = 0 

6 

8 

- 

V 

Emitter-to-Base Zener Voltage 

v z 

l Z = 10pA 

6 

7.9 

9.8 

V 

Collector-to-Emitter Saturation Voltage 

(CA3096AE) 

VCE(SAT) 

Iq = 10 mA, 1 g = 1 mA 


0.24 

0.5 

V 

Collector-to-Emitter Saturation Voltage 
(CA3096E) 

V CE(SAT) 

Iq = 10 mA, lg = 1 mA 

_ 

0.24 

0.7 

V 

Base-to-Emitter Voltage 

v B e 

Iq = 1 mA. V CE = 5 V 

0.6 

0.69 

0.78 

V 

DC Forward-Current Transfer Ratio 

h FE 

150 

390 

500 


Magnitude of Temperature Coefficient: 

|Avbe/At| 

Iq = 1 mA, V CE = 5 V 


-1.9 


mV/°C 

Vg E (for each transistor) 

For Each p-n-p Transistor: 

*CBO 

V CB = -10 V, l E = 0 

_ 

-0.055 

40 

nA 

Collector-Cutoff Current (CA3096AE) 

Collector-Cutoff Current (CA3096AE) 

'CEO 

V CE = -10 V, lg = 0 

- 

-0.12 

100 

nA 

Collector-Cutoff -Current (CA3096E) 

'CEO 

V CE = -10 V. I B = o 

- 

-0.12 

1 

PA 

Col lector-Cu tof f-Cu rren t ( C A 3096E ) 

'CBO 

Vqb = -10 V. I E = 0 

- 

—0.055 

100 

nA 

Collector-to-Emitter Breakdown Voltage 

V(BR)CEO 

Iq = -100 /UA, lg = 0 

-40 

-75 

- 

V 

Collector-to-Base Breakdown Voltage 

V(BR)CB0 

Iq = -10/iA, l E = 0 

-40 

-80 

- 

V 

Emitter-to-Base Breakdown Voltage 

V(BR)EB0 

l E = -10/iA, Iq * 0 

-40 

-100 

- 

V 

Emitter-to-Base Zener Voltage 

v z 

\Z = 10/iA 

' 10 

16 

- 

V 

Emitter-to-Substrate Breakdown Voltage 

V(BR)EIO 

l E l = 10 JUA, l B = 'c = 0 

40 

100 

- 

V 

Collector-to-Emitter Saturation Voltage 

V CE(SAT) 

Iq = -1 mA, lg = -100 jUA 

- 

-0.16 

-0.4 

V 

Base-to-Emitter Voltage 

VBE 

Iq « -100 JUA, V CE = -5 V 

-0.5 

-0.6 

-0.7 

V 

DC Forward-Current Transfer Ratio 

hFE 

l C = -100 JUA, V CE =-5V 

40 

85 

200 

■■■ 

Iq = —1 mA, Vq E = -5 V 

20 

47 

H3I 

tmm 

Magnitude of Temperature Coefficient: 

V B E (f° r each transistor) 

|Avbe/At! 

Iq = -100 JUA. Vq E = -5 V 

_ 

-2.2 

_ 


| For Transistors Q1 and Q2 (As a Differential Amplifier): CA3096AE ONLY | 

Absolute Input Offset Voltage 

IVioI 



0.3 

5 

m 91 

Absolute Input Offset Current 


Vr E =* 5 V. Iq = 1 mA 



■31 

pA 

Absolute Input Offset Voltage Temperature 
Coefficient 


■ 


1 


■ 

m 

| For Transistors Q4 and Q5 (As a Differential Amplifier): CA3096AE ONLY | 

Absolute Input Offset Voltage 

|Viol 


- 

0.15 

5 

■ra 

Absolute Input Offset Current 

Uiol 

Vq E - fiV Iq- 100/IA 

- 

2 

250 

nA 

Absolute Input Offset Voltage Temperature 
Coefficient 

lo 


n s = 0 

_ 

0.54 

_ 

pv/°c 



Schematic Diagram 

Features: 

■ Matched General-Purpose Transistors (CA3096AE Only) 

■ Input Offset Voltage ± 5 mV 

■ Input Offset Current: 

p-n-p Pair ± 250 nA max. @ Iq = —100 pA 
n-p-n Pair ±0.6pA max. @ Iq = 1 mA 

■ High h EE 

n-p-n transistor: 150 min. @ Iq = 1 mA 
pn-p transistor: 40 min. @ Iq = 100 piA 

■ High Breakdown Voltages. 

n-P-n transistor: V( BR ) CEO = 35 V min; V (BR ) CB0 = 
45 V min. 

pn-p transistor: V( BR)CE0 = 40 V min; V( BR ) CB0 * 
40 V min. 

■ Separate Substrate Connection 

■ Low Noise Figure: 

n-pn transistor: 2.2 dB typ. at 1 kHz 
pn-p transistor: 3 dB typ. at 1 kHz 

Applications: 

■ Differential Amplifiers 

■ DC Amplifiers 

■ Sense Amplifiers 

■ Level Shifters 

■ Timers 

■ Lamp and Relay Drivers 

■ Thyristor Firing Circuits 

■ Temperature-Compensated Amplifiers 

■ Operational Amplifiers 


MAXIMUM RATINGS. Absolute Maximum Values at T A = 25° C 




Each n-p-n Each p-n-p 
T ransistor T ransistor 


Collector-to-Emitter Voltage . 

v CEO 

35 -40 

V 

Collector-to-Base Voltage . . . 
Collector-to-Substrate 

VCBO 

45 -40 

V 

Voltage 

v CIO 

45 45 

V 

Emitter-to-Base Voltage . . . . 

V E BO 

6 -40 

V 

Collector Current 

Dissipation Pp: 

'c 

50 -10 

mA 

Up to T A = 55 C: 




Device (Total) 


750 

mW 

Each Transistor 


200 

mW 

Above T a = 55 °C 


Derate Linearly 6.67 

mW/°C 

Temperature Range: 




Operating 


-55 to +125 

°C 

Storage 


-65 to +150 

°C 

Lead Temperature (During Soldering) 



At distance 1/16 ±1/32" 




( 1 .59 ± 0.79 mm) from case for 





265 

°C 



92C8- 20309 

Fig.1 -Base-to-emitter zener characteristic (n-p-n). 
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LINEAR INTEGRATED CIRCUITS 


CA3096E, CA3096AE 


DYNAMIC ELECTRICAL. CHARACTERISTICS at T A * 25°C 
Typical Values Intended Only for Design Guidance 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

TYPICAL VALUES 

UNITS 

For Each n-p-n T ransistor 

Noise Figure (low frequency) 

NF 

f = 1 kHz, V C E = 5 V, 
l c - 1 mA, R S - 1 k£2 

2.2 

dB 

Low-Frequency, Input Resistance 

R-. 

f - 1.0 kHz, V CE = 5 V, 
lc = 1 mA 

10 

k£2 

Low-Frequency Output Resistance 

Ro 

80 

k£2 

Admittance Characteristics: 






9fe 


7.5 


Forward Transfer Admittance 

Yfe b fe 


— j 1 3 

mmho 

Input Admittance 

9ie 

f = 1 MHz, V CE = 5 V, 

2.2 


V,e k 
t>ie 

Iq = 1 mA 

13.1 


Output Admittance 

9oe 


0.76 


Yoe — — 
b oe 


j2.4 



fx 

V CE = 5 V, l c « 1.0 mA 

280 

— 



Vce = 5 V, lc = 5 mA 

335 

■BB 

Emitter-to-Base Capacitance 

C EB 

V E b = 3V 

0.75 

PF 

Collector-to-Base Capacitance 

C CB 

Vqb = 3 V 

0.46 

PF 

Collector-to-Substrate Capacitance 

C CI 

V C | = 3 V 

3.2 

pF 

For Each p-n-p Transistor 


mn 

f = 1 kHz, 

1C = 100 /iA, Rg = 1 k£2 

3 


| Low-Frequency Input Resistance 

EH 

f = 1 kHz, V CE = 5 V, 

27 



Ro 

l c = 100 (1A 

680 



*T 

V CE = 5 V, l c = 100 JUA 

6.8 

MHz 

| Emitter-to-Base Capacitance 

C EB 

V EB = -3V 

0.85 

PF 


C CB 

V CB = -3 V 

2.25 

pF 

| Base-to-Substrate Capacitance 

C BI 

V B | = 3 V 

3.05 

pF 



92CS- 20312 


Fig.4— Transistor (n-p-n) h FE as a function of 
collector current. 
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o.oi 0.1 I 10 

COLLECTOR CURRENT (I c )-— mA 

92CS-203I3 


Fig.5-V BE (n-p-n) as a function of collector current. 



Fig. 7— ^££($4 jf (n-p-n) as a function of col- 
lector current. 



F i g.8-Base-to-emitter zener characteristic 
(p-n-p). 



92CS- 20310 


Fig.2— Collector cut-off current U q£q) as a 
function of temperature (n-p-n). 



92CS-203II 

Fig.3— Collector cut-off current Uqqq) as a 
function of temperature (n-p-n). 



Fig.6-Vg E (n-p-n) as a function of temperature. 



Fig.9— Collector cut-off current (Ic£q) as a 
function of temperature (p-n-p). 
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LINEAR INTEGRATED CIRCUITS 


CA3096E, CA3096AE 



Fig. 10-Collector cut-off current Ucqq) as a 
function of temperature (p-n-p). 
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COLLECTOR CURRENT !l-)-mA 

C 92CS- 

Fig.11— Transistor (p-n-p) hpp as a function 
of collector current. 


COLLETOR-TO-EMITTER VOLTAGE (V C e)« 5 V 



Fig. 1 2-Transistor (p-n-p) hpp as a function 
of temperature. 
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COLLECTOR CURRENT (Ic > — n»A 

92CS-2C 

Fig. 13—Vgp (p-n-p) as a function of collector 
current. 
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92CS- 20322 

Fig. 14 -Vqp (p-n-p) as a function of tempera- 
ture. 
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COLLECTOR CURRENT ( I c ) — m A 

92CS-20323 

Fig. 1 5— Magnitude of input offset voltage 
W/q\ as a function of collector 
current for n-p-n transistor Q^-Q^ 
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COLLECTOR CURRENT (I r )— mA 

92CS 

Fig.1 6— Magnitude of input offset voltage 
W iq\ as a function of collector 
current for p-n-p transistors Qa-Qc. 



Fig. 17 -Noise figure as a function of frequen- 
cy for n-p-n transistors. 



FREQUENCY (f)— KHl 


Fig.1 8— Noise figure as a function of frequen- 
cy for n-p-n transistors. 
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FREQUENCY (f)— KHi 

Fig. 19— Noise as a function of frequency for 
n-p-n transistors. 
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Fig.20— Noise figure as a function of frequen- 
cy for n-p-n transistors. 


BIAS VOLTAGE— V 

92C3- 20330 

Fig.21 —Gain -band width product as a function 
of collector current (n-p-n). 







LINEAR INTEGRATED CIRCUITS 



FREQUENCY (f )— KHz 

92C8- 20336 

Fig.28-Noise figure as a function of frequen- 
cy (p-n-p). 


FREQUENCY {f) — kHz 

92CS-20337 

Fig.29— Noise figure as a function of frequen- 
cy (p-n-p). 


FREQUENCY (f) — kHz 

92CS-20336 

Fig.30— Noise figure as a function of frequen- 
cy (p-n-p). 
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COLLECTOR CURRENT ( Ic ) — m A 

92CS-S0339 

Fig.31 -Gain-bandwidth product as a function 
of collector currant (p-n-p). 



23466789 10 
BIAS VOLTAOE — V 

•CC*- 20340 

Fig.32-Capacltance as a function of bias 
voltage (p-n-p). 


For application information, see Data Bulletin File No. 595. 
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LINEAR INTEGRATED CIRCUITS 


CA3097E 

Thyristor/Transistor Array 

For Military, Commercial, and Industrial Applications 


RCA-CA3097E Thyristor/Transistor Array is a monolithic in- 
tegrated circuit that enables circuit designers to further inte- 
grate control systems. The CA3097E consists of five inde- 
pendent and completely isolated elements on one chip: an 
n-p-n transistor, a p-n-p/n-p-n transistor pair, a zener diode, 
a programmable unijunction transistor (PUT), and a sensitive- 
gate silicon controlled rectifier (SCR). 

The CA3097 is supplied in either the 16-lead dual-in-line 
plastic package ("E” suffix) or the chip version ("H" suffix), 
and operates over the full military-temperature range of 
-55 to +1 25°C. 


Includes: 

■ Uncommitted n-p-n Transistor 

■ Sensitive-Gate Silicon Controlled Rectifier 

■ Programmable Unijunction Transistor (PUT) 

■ p-n-p/n-p-n Transistor Pair 

■ Zener Diode 

■ Separate Substrate Connection 


MAXIMUM RATINGS, Absolute Maximum Values at T A = 25°C 

Isolation Voltage, any terminal to substrate* 

Dissipation, Total Package: 

Up to T a = 55° C 

Above T a =55°C 

Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max. 
Each n-p-n Transistor (Q3,Q5) 

The following ratings apply with terminals 6 & 9 connected together. 

Col lector-to- Emitter Voltage (Vq E q) 

Collector-to-Base Voltage (Vqbq) 

Emitter-to-Base Voltage (V E bo) 

Collector Current (I q) 

Base Current (1 3) 

Dissipation (Pq) 

p-n-p Transistor (Q4) 

The following ratings apply with terminals 7 & 8 connected together. 

Col lector-to- Emitter Voltage (Vq E q) 

Collector-to-Base Voltage (Vqbo^ 

Emitter-to-Base Voltage (V E bq) 

Collector Current (Iq) 

Base Current (13) 

Dissipation (Pq) 

p-n-p/n-p-n Transistor Pair (Q3,Q4) 

Dissipation (Pq) 

Programmable Unijunction Transistor, PUT (Q1) 

Gate-to-Cathode Positive Voltage (Vqk;) 

Gate-to-Cathode Negative Voltage (Vqkr) 

Gate-to-Anode Negative Voltage (V GA ) 

Anode-to-Cathode Voltage (V A |<) 

DC Anode Current v 

Peak Anode Non-Recurrent Forward (On-State) Current (10 jus pulse) 

Total Average Dissipation 

Silicon Controlled Rectifier, SCR (Q2) 

Repetitive Peak Reverse Voltage (V RRX m)' r GK = 1 

Repetitive Peak Off-State Voltage (Vqrxm)- r GK = 1 k£2 

DC On-State Current (I-|-qq) 

Peak Surge (Non- Repetitive) On-State Current (10 ps pulse) 

Forward Peak Gate Current Ogfm) 

Peak Gate-to-Cathode Reverse Voltage (Vq R |^) 

Total Average Dissipation 

Zener Diode, (Z1) 

DC Current (l z ) 

Dissipation (Pq) . . 


+50 V 

750 mW 

derate linearly at 6.67 mW/°C 

—55 to +125°C 

—65 to +150°C 

+265 °C 


30 V 
50 V 
5 V 
100 mA 
20 mA 
500 mW 


—40 V 
-50 V 
-40 V 
-10mA 
-3 mA 
200 mW 

500 mW 

30 V 
5 V 
30 V 
±30 V 
150 mA 
2 A 
300 mW 

30 V 
30 V 
150 mA 
2 A 
20 mA 
5 V 
300 mW 

25 mA 
250 mW 


* One or more of the terminals of each element of the CA3097E is isolated from the substrate by a junction diode. In order to 
maintain electrical isolation between elements, the substrate terminal must be connected to a voltage which is no more posi- 
tive than that of any other terminal. To avoid undesirable coupling between elements, the substrate terminal (terminal 10) 
should be maintained at either dc or signal (ac) ground. 


Features: 

■ Complete isolation between elements 

■ n-p-n transistor - V CE0 = 30 V (min.) 

Iq = 100 mA (max.) 

■ p-n-p/n-p-n transistor pair — beta 

— 8000 (typ.) @ Iq = 10 mA, individual p-n-p, n-p-n, 
or transistor pair operation 

■ Programmable unijunction transistor 
(PUT) — peak-point current = 15 nA 
(typ.) at R G = 1 Mf2; V A k * ±30 V 

■ (PUT) Extremely long RC time constants 
with low value of external capacitor 

■ Sensitive-gate silicon controlled rectifier (SCR) — 
150 mA forward current (max.) 

■ Zener-diode impedance (Z z ) = 15X7 
(typ.) at 10 mA 

Applications: 

■ Timers 

■ Light dimmers/motor controls 

■ Oscillators 

■ "One-shot" multivibrators 

■ Voltage, regulators 

■ Comparators, Schmitt triggers 

■ Constant-current sources 

■ Amplifiers 

■ Logic circuits 

■ SCR triggering 

■ Pulse Circuits 



Fig. 1 - Schematic diagram of CA3097E. 


TYPICAL CHARACTERISTICS 



92CS - 2 1 902 

Fig 2 — Base-to-emitter saturation voltage vs. collector current for 
n-p-n transistors Q3 & Q5. 



AMBIENT TEMPERATURE (T A 1 — *C 

92CS-2I903 


Fig 3 - Base-to-emitter voltage vs. ambient temperature for n-p-n 
transistors Q3 & QS. 
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LINEAR INTEGRATED CIRCUITS 


CA3097E 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 
Ambient Temperature 
(T A ) = 25°C 

Unless Otherwise Specified 

FIG. 

NO. 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

| n-p-n TRANSISTORS Q3.Q5 (TERMINALS 6 and 9 CONNECTED) J 

COLLECTOR CUTOFF CURRENT 

‘CBO 

V CB =10V, l E = 0 


- 

- 

1 

/iA 

COLLECTOR CUTOFF CURRENT 

‘CEO 

V CE = 10 V, l B = 0 


- 

- 

10 

/iA 

COLLECTOR-TO-EMITTER 
BREAKDOWN VOLTAGE 

V (B r)CEO 

l c = 100/iA, l B = 0 


30 

- 

- 

V 

COLLECTOR-TO-BASE 
BREAKDOWN VOLTAGE 

V(br) cb ° 

l c = 100/uA, l E = 0 


50 

- 

- 

V 

COLLECTOR-TO-SUBSTRATE 
BREAKDOWN VOLTAGE 

v (br) cio 

l c , =-- 100/iA, I b = 0, l E = 0 


50 

- 

- 

V 

EMITTER-TO-BASE 

BREAKDOWN VOLTAGE 

V(BR) ebo 

l E = 100/zA, l c = 0 


5 

7.5. 

10 

V 

COLLECTOR-TO-EMITTER 
SATURATION VOLTAGE 

V ce (SAT) 

Iq = 50mA, l B = 5mA 

5 

- 

- 

0.65 

V 

Iq = 10mA, 1 B = 1 mA 

- 

0.10 

- 

BASE-TO-EMITTER 

SATURATION VOLTAGE 

V be (SAT) 

Iq = 10mA, 1 g = 1mA 

2 

- 

0.76 

- 

V 

BASE-TO-EMITTER 

VOLTAGE 

V BE 

V C £ = 3V. I c = 10mA 

3 

0.65 

0.73 

0.85 

V 

DC FORWARD-CURRENT 

TRANSFER RATIO 

h EE 

V CE = 3V - *C = 10mA 

4 

100 

130 

- 


Vq E = 3V, 1 q = 50mA 


80 



120 

- 

| p-n-p TRANSISTOR 04 (TERMINALS 7 and 8 CONNECTED) j 

COLLECTOR CUTOFF CURRENT 

*CBO 

V C B =-10 V, l E = 0 


- 

- 

-1 

» A 

COLLECTOR CUTOFF CURRENT 

'CEO 

V CE = T0 V.I B = 0 


- 

- 

-10 

MA 

COLLECTOR-TO-EMITTER 
BREAKDOWN VOLTAGE 

V(BR)CEO 

l c =-100/iA, l B = 0 


-40 

- 

- 

V 

COLLECTOR TO-BASE 
BREAKDOWN VOLTAGE 

V( B r) cbo 

l c =-10/iA, l E = 0 


-50 

- 

- 

V 

EMITTER-TO-SUBSTRATE 
BREAKDOWN VOLTAGE 

V (B r)EIO 

1 E 1 = 1 0/iA, 1 B = 0, 1 E = 0 


-50 

- 

- 

V 

EMITTER-TO-BASE 

BREAKDOWN VOLTAGE 

v (BR) EB0 

l E = — 10/iA, l c = 0 


-40 

-* 

- 

V 

COLLECTOR-TO-EMITTER 
SATURATION VOLTAGE 

v CE (SAT) 

Iq =-1mA, l B = -100/iA 

6 

- 


-0.33 

V 

BASE-TO-EMITTER 

SATURATION VOLTAGE 

V be (SAT) 

Iq =-1mA, l B = -100/iA- 

7 

- 

-0.7 

- 

V 

BASE-TO-EMITTER 

VOLTAGE 

v be 

V CE =-3 V, l c = -100/iA 

8 

-0.5 

-0.6 

-0.7 

V 

DC FORWARD-CURRENT 
TRANSFER RATIO 

h FE 

_ _ 

V CE = -3 V, l c = -100/iA 
V C e= - 3 V, ! c = -1 mA 

9 

30 

40 

60 

- 


n-p-n/p-n-p TRANSISTOR PAIR Q3,Q4 | 

DC FORWARD-CURRENT 

TRANSFER RATIO 

hFE 

Vq E (n-p-n) = 3 V, Iq = 10mA 

10 

- 

8000 

- 


V CE (n-p-n) * 3 V, l c - 50mA 

10 

- 

6500 

- 


TYPICAL CHARACTERISTICS ICONT'D) 



Fig. 4 — DC forward-current transfer ratio vs. collector current 
for n-p-n transistors Q3 & QS. 



COLLECTOR CURRENT (I c )-—mA 

92CS- 21903 


Fig. 5 - Co/lector-to-emitter saturation voltage vs. collector 
for n-pn- transistors Q3 & QS. 
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COLLECTOR CURRENT (I c )—mA 

92CS-2I906 

Fig 6 — CoHector-to-emitter saturation voltage vs. collector 
current for p-n-p transistor 04. 



COLLECTOR CURRENT (I<;)*mA 

92 CS - 21907 

Fig 7 - Base-to-emitter saturation voltage vs. collector 
current for p-n-p transistor 04. 



FigB — Base-to-emitter voltage vs. ambient temperature for 
p-n-p transistor 04. 



Fig9 - DC forward-current transfer ratio vs. collector current 
for p-n-p transistor 04. 
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LINEAR INTEGRATED CIRCUITS 


CA3097E 


ELECTRICAL CHARACTERISTICS (Cont'd.) 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

Ambient Temperature 
(T A ) = 25°C 

Unless Otherwise Specified 

FIG. 

NO. 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

PROGRAMMABLE UNIJUNCTION TRANSISTOR (PUT), Q1 

OFFSET VOLTAGE 

v T * 

V s = 10V, R g = lOkft 

1 1 ,22® 

0.2 



0.7 

V 

V s = 10V, Rq = IMft 

0.2 


0.7 

ANODE-TO-CATHODE 

ON-STATE VOLTAGE 

V F 

Ip = 50mA 

12 

- 

0.90 

1.5 

V 

Ip = 100mA 

- 

1 

- 

PEAK OUTPUT VOLTAGE 

v OM 

C = 0.22/uF 

Anode Supply Voltage = 20V 

13,23 

- 

10 

- 

V 

PEAK-POINT CURRENT 

! P 

V s = 10V, R g = lOkft 

14,22 a 

- 

0.55 

1 

pA 

V s = 10V, R g = IMft 

- 

- 

0.015 

0.15 

VALLEY-POINT CURRENT 

•v 

V $ = 10V, R g = lOkft 

17,15 

4 

40 

- 

pA 

Vg = 10V, R g = IMft 

16 

- 

- 

25 

GATE REVERSE CURRENT 

'GAO 

Vg = 30V 

22 c 

- 

0.02 

- 

nA 

GATE REVERSE CURRENT 

'gks 

Anode-To-Cathode Short, Vc, 

= 30V 

TJ 

CM 

CM 

- 

0.2 

- 

nA 

OUTPUT PULSE RISETIME 


Anode-Supply Voltage = 20V 

C = 0.22 juF 

23 

- 

60 

- 

ns 

SILICON CONTROLLED RECTIFIER (SCR), Q2 

PEAK OFF-STATE CURRENT: 

FORWARD 

'dXM 

V DRXM ~ 30V - R GK - 1kfi 

24 



2 

pA 

REVERSE 

'rxm 

V RRXM = 30V - R GK = 1kn 

24 

- 

- 

2 

FORWARD DC VOLTAGE DROP 

V T 

ly = 50 mA 

18 

- 

0.90 

1.5 

V 

GATE-TO-SOURCE 

TRIGGER CURRENT 

•gs 

T a = 25°C 

26 

_ 

33 

100 

pA 

T a = -55°C 

26 

- 

50 

- 

DC GATE-TRIGGER VOLTAGE 

V GT 

V L = 10V, Rj_ = 100ft 

19 

- 

0.55 

0.75 

V 

HOLDING CURRENT 

'ho 

R GK = 1kt2 

20,24 

- 

1.2 

- 

mA 

CRITICAL RATE-OF-RISE 

OF OFF-STATE VOLTAGE 

dv/dt 

EXPONENTIAL RISE, 

R GK =1kn.V DRXM = 30V 

25 

~ 

150 

- 

V/jLtS 

GATE-CONTROLLED 

TURN-ON TIME 

l gt 

See Fig. 33 

33 


50 

- 

ns 

CIRCUIT-COMMUTATED 

TURN-OFF TIME 

T q 

See Fig. 33 

33 


10 

- 

MS 

ZENER DIODE, Z1 

ZENER VOLTAGE 

v z 

l z = 10mA 

21 

7.2 

8 

8.8 

V 

ZENER IMPEDANCE 

Zz 

l z = 10mA, f = 1kHz 


- 

15 

25 

ft 

ZENER VOLTAGE 

TEMPERATURE COEFFICIENT 

(AV Z /V Z )/AT 

l z = 10mA 


_ 

-K).05 

- 

%/°C 

av z /at 



- 

44 

- 

mV/°C 

ZENER-TO-SUBSTRATE 

BREAKDOWN VOLTAGE 

V (B R)ZIO 

l Z = IOO/liA 

TERM. 5 TO SUBSTRATE 


50 

80 

- 

V 


*V T = Vp — Vs (Fig. 22) 



92CS-2I9IS 


Fig. 13 - Am* output voltage vs. anode supply voltage for 
431 (PUT). 



AMBIENT TEMPERATURE ( T A ) — *C 9ZCS-Z2IS3 

Fig. 14 - Peak-point current vs. gate-source voltage and ambient 
temperature for Q1 (PUT). 


TYPICAL CHARACTERISTICS (CONT'D) 



Fig 10 — DC forward-current transfer ratio vs. collector current 
for transistor pair Q3, 04. 



AMBIENT TEMPERATURE (T A ) — «C 

92CS- 2191 1 

Fig 11 - Offset voltage vs. ambient temperature for Q1 (PUT). 



92CS-2I9IZ 


Fig. 12 - Anode-to-cathode on-state voltage vs. anode-to-cathode 
on-state current for Q1 (PUT). 



Fig IS - Valley-point current vs. gate-source voltage for 
01 (PUT). 
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TYPICAL CHARACTERISTICS (CONT'D) 
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Fig 16 - Valley-point current vs. gate-source voltage 
for Q1 (PUT). 


Fig. 17 — Valley-point current vs. ambient temperature for 
Q1 (PUT). 


Fig. 18 — Forward DC on-state current vs. on-state voltage for 
Q2 (SCR). 



92CS- 21919 

Fig 19 — Gate-trigger voltage vs. ambient temperature for 
Q2 (SCR). 
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Fig. 20 — Typical DC holding current vs. gate-to-cathode 
resistance for Q2 (SCR). 



ZENER CURRENT (I z )—mA 92CS- 21 

Fig. 21 - Zener voltage vs. zener current for Z1. 


OPERATING CONSIDERATIONS FOR CA3G97E 


1. Composite p-n-p/n-p-n Transistors 03, Q4 (See Fig. 3) 

To use Q3 as an individual n-p-n transistor, join terminals 
no. 6 and no. 9 to disable p-n-p transistor Q4. 

The appropriate terminal connections are then: 

Collector terminal 9 

Base terminal 7 

Emitter terminal 8 

To use 04 as an individual p-n-p transistor, join terminals 
no. 7 and no. 8 to disable n-p-n transistor Q3. 

The appropriate terminal connections are then: 

Collector terminal 7 

Base terminal 6 

Emitter terminal 9 

To use Q3 and Q4 as a composite use terminals 6, 7, 8, and 
9 as required. 

2. Programmable Unijunction Transistor Q1 (PUT) 

The programmable unijunction transistor is essentially an 

anode-gate SCR. The volt-ampere characteristic of the de- 

vice is shown in Fig. 22. When an equivalent Thevenin source 
(Vs, Rq). as shown in Fig. 22, is applied to the gate terminal 

the device will be "off" if the anode-voltage is negative with 
respect to the gate voltage. Under this condition, any current 
flow is exclusively leakage current. When the anode voltage be- 
comes more positive than the gate voltage by an increment 
equal to the threshold voltage (Vj = 0.4 V typ.), the device 
can turn "on" only if the current available at the anode termi- 

nal is greater than the specified peak-point current. The PUT 

will then switch through its negative-resistance region to the 
"on" state (low anode-to-gate voltage). It should be noted 


that Ip is not the maximum current allowed through the 
device, but is the current required at the peak of the V-I 
curve. Ip is typically a very low value of current. 

After the PUT has switched to its low-impedance state, the 
device will remain "on" if the anode-current Oa) exceeds 
the valley-point current (ly). If lA^V- the PUT will switch 
back to its high-impedance "off" state. Thus, the PUT can be 
made to "latch" or recover, depending on l\/- Since ly *s a 
function of the "on"-state gate current (which depends on 
R <3 and Vs) a choice of Rq and/or Vs will determine the 
operating mode, i.e., "off" state-*"on" state or "off" state 
-*■ "on" state -*■ "off" state. The value of ly increases di- 
rectly as a function of Vq and inversely with Rq. The PUT 

in the CA3097E has a low Ip Ip = 15 nA at V s = 10 V, 

Rq = 1 M£T. This low value of Ip indicates that an extremely 
large value of anode-supply resistor, e.g. 60 (typ.), can be 

used in timing circuits requiring long RC time constants. This 
becomes important when considering the size of the external 
timing capacitor to be used. Consequently, the use of the PUT 
in the CA3097E is advantageous since it has a lower Ip than 
most discrete PUT's. 

Temperature Compensation of Switching Point 
As described previously, the PUT will switch to its low- 
impedance state when its anode voltage is approximately a 
diode-drop above the gate voltage. Since the anode-to-gate 
threshold voltage vs. temperature characteristic is similar to 
that of a typical silicon-diode junction, a compensating series 
diode such as used in the circuit of Fig. 29 (Z1 connected as 
forward-biased diode) considerably reduces the effect of tem- 
perature on the switching point. 


Bypassing Anode Current 

If the PUT gate equivalent source is such that Ia>Iv, the 
PUT will remain "on". A method for turning the PUT off is 
by shunting current away from the anode until Ia<IV- An 
example of this technique is the oscillator circuit of Fig. 29. 
Q3 transistor is turned "on" after the PUT fires and shunts cur- 
rent away from the anode, thereby forcing Ia<IV- The PUT 
then turns "off" allowing Cj to recharge through Rj, to re- 
peat the cycle. 

Protecting The PUT Against Discharge Current Of The Capacitor 

A current-limiting resistor in series with the PUT is normally 
required to dissipate capacitive discharge energy (see Figs. 23 
and 29). 

Silicon Controlled Rectifier, Q2 (SCR) 

The SCR should be used with a 1 k£2 (or less) resistor con- 
nected between the cathode and gate terminals if the SCR is 
to be subjected to its maximum forward and reverse voltage 
ratings (VqXM ancJ Vrxm)* Selecting a value for Rq« of 
1 kST2 (or lower) increases the capability of the device to with- 
stand greater dv/dt and increases the noise immunity of the 
SCR against false triggering at the gate. Practical considerations 
such as available current drive from the triggering devices 
(e.g., a PUT) will determine the lowest value of Rqk at 
which the SCR will fire with a Vgk % 0-55 V. With a value of 
50012 for RGK, the trigger source must be capable of sup- 
plying 1.1 mA. RGK should be non-inductive within the 
frequency band of the noise transients normally encountered 
>n a particular application. 
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92CM-2I922 


Fig 22 - Genera! anode characteristics for G1 (PUT!. 




Fig. 25 - Definition of critical rate of rise of 
off-state voltage for Q2 (SCR). 




WITH SWI CLOSED, INCREASE V S UNTIL SCR FIRES (VTVM OROPS 
FROM IOV TO APPROXIMATELY IV ). r G $ (TRIGGER) IS MEASURED 
JUST PRIOR TO THIS TRIGGERING POINT. NOTE THAT I G s MAY 
DECREASE AS V s IS INCREASED DUE TO CURRENT DRAWN OUT 
OF THE GATE TERMINAL OF THE SCR AS IT TURNS ON. TO UNLATCH 
THE SCR OPEN SWI. 

* 

V $ SHOULD BE CAPABLE OF SUPPLYING MILLIVOLT INCREMENTS 
NEAR THE TRIGGER POINT 

92CS-2I926 

Fig. 26 — Test circuit for determining 
l GS in Q2 (SCR). 


APPLICATIONS CIRCUITS 



TIMING CYCLE BEGINS WHEN AC IS APPLIED 
» SPRAGUE TYPE 4308, 5 M F AT 50 V 
SPRAGUE TYPE 6308, 5?.F AT 50 V 

OR EQUIVALENT 92CS-2I927 



<s> R L . 33 on A -5f° * I00«±0.0l %/*C 


TYP LOAD REGULATION <S> I L *0T0 40 mA,(A Vq/V 0 )« 100* 
-3% (NO LOAD TO FULL LOAD) 


TYP LINE REGULATION @ R L » 330 ft -9 * I00**0 55%/V 

Av UNREG 


Fig. 27 — AC line-operated one-shot timer. 


Fig. 28 - Tempera ture-c ompensa ted shunt regulator. 



TYPICAL OPERATION FOR: 

V + * 15 V, Cj*0 l/*F, Rt* 4 3KH 
C, * 82 pF , R,. 60 Kn 

Fig. 29 - Pulse generator. 
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v ° ‘ ^ 

TYPICAL LINE REGULATION @ \^)*I2V 

±y\ X 100*+0 45 % /v 

^ V UNREG 92CS-2I930 


Fig. 30 - Series voltage regulator. 


APPLICATIONS CIRCUITS (CONT'D) 


^UNREGULATED * 10- 13 V 



Fig. 31 — 5 to 7.5 V shunt regulator. 



TYPICAL OPERATING CONDITIONS' 

FREOUENCY IN * 0-10 KHr 
SUPPLY VOLTAGE (V*)*t5V 
RI,R2 .Rh‘ 5 IKft 
R3 * 62 Kft,R s *300fl 
C| * 820 pF 

V TH U*7.5V. V tm L*5V 

HYSTERESIS VOLTAGE *2-5V 

UPPER THRESHOLD VOLTAGE (V TH U)« V + -^*- R2 


LOWER THRESHOLD VOLTAGE (VtuLle ( V+)\R2+ R H/ 
R2 R h 


HYSTERESIS VOLTAGE* V TH U-V xh L 


V + 



5 V 

”-*T H 0 ** 1 1 

9.5V 


20 V 

“1 I 1 

1 f~ 



r r — f 

— T DELAY*i 
——T 0 

T 


MONOSTABLE DELAY TIME SET BY ADJUSTMENT OF I D ( VARY R 0 > OR 
BY Cq.Id m ^ST BE GREATER THAN Iv OF 01 (PUT) FOR MONOSTABLE 
OPERATION- 

02 (SCR) SWITCHING TIMES'- 

GATE- CONTROLLED TURN-ON TIME (to» ) * 50 rt» ( TYP) 
CIRCUIT-COMMUTATED TURN-OFF TIME ( t q )* 10 /xs( TYP ) 


Fig 33 - Monostable multivibrator with variable delay. 



92CS-22I78 



Fig 32 - Schmitt trigger. 



PUT FIRES WHEN V c »8 V 

V C* ~ ( J^-- F ) . Ic ** It (03.05 MATCHED) 

It SET BY ADJUSTING Rt.It* V n ~° - 7 
H T 

t 0N ‘CAPACITOR DISCHARGE TIME THROUGH LOAD. LOAD TURNS 
OFF WHEN SCR ANODE CURRENT FALLS BELOW HOLDING 
CURRENT (Iho)- TYPICAL XhO 1 1-2 «"A 
EXAMPLE : FOR TIMING PERIOD 0F8 3 MIN 
C T * 1000 /iF. I t *I 6^A 
„ V + — 0-7 x 

r T* ( FOR V + * 16 V, RyW IMfl) 

92CS- 21934 


Fig. 34 - Low-current-drain battery-operated 
long interval astable timer. 


Fig.35 — Phase control circuit. 
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Programmable Schmitt Trigger 

— With Memory 

—Dual-Input Precision Level Detectors 
Applications: 

■ Control of relays, heaters, LED's lamps, 
photo-sensitive devices, thyristors, 
solenoids, etc. 

■ Signal reconditioning 

■ Phase and frequency modulators 

■ On/off motor switching 

■ Schmitt triggers, level detectors 

■ Time delays 

■ Overvoltage, overcurrent, overtemperature 
protection 

■ Battery-operated equipment 

■ Square and triangular- wave generators 

The RCA-CA3098 Programmable Schmitt 
Trigger is a monolithic silicon integrated 
circuit designed to control high-operating- 
current loads such as thyristors, lamps, 
relays, etc. The CA3098 can be operated 
with either a single power supply with 
maximum operating voltage pf 16 volts, or a 
dual power supply with maximum operating 
voltage of ±8 volts. It can directly control 
currents up to 150 mA and operates with 
microwatt standby power dissipation when 
the current to be controlled is less than 
30 mA. The CA3098 contains the following 
major circuit-function features (see Fig. 1): 


Features: 

■ Programmable operating 
current 

■ Micropower standby dissi- 
pation 

■ Direct control of currents up 
to 1 50 m A 

■ Low input on/off current of 
less than 1 nA for pro- 
grammable bias current 

of 1 pA 


■ Built-in hysteresis: 20 mV 
max. 

■ Programmable hysteresis: 

20 mV to V + 

■ Dual reference input 

■ High sensor range: 100 12 
to 100 M12 

■ Stable predictable switching 
levels 

■ Temperature-compensated 
reference voltage 

■ Power can be strobed off 
via term. 2 



Fig. 1 — Block diagram of CA3098 programmable Schmitt trigger. 


1. Differential amplifiers and summer: the 
circuit uses two differential amplifiers, 
one to compare the input voltage with 
the "high" reference, and the other to 
compare the input with the "low" refer- 
ence. The resultant output of the differ- 
ential amplifiers actuates a summer cir- 
cuit which delivers a trigger that initi- 
ates a change in state of a flip-flop. 

2. Flip-flop: the flip-flop functions as a 
bistable "memory" element that changes 
state in response to each trigger command 

3. Driver and otuput stages: these stages 
permit the circuit to "sink" maximum 
peak load currents up to 150 mA at 
terminal 3. 

4. Programmable operating current: the cir- 
cuit incorporates access at terminal 2 to 
permit programming the desired quiescent 
operating current and performance para- 
meters. 

TheCA3098 is supplied in the 8-lead dual-in- 
line plastic package | ("Mini-Dip", E suffix), 
8-lead TO-5 style package (T suffix), 8-lead 
TO-5-style package with formed leads "DIL- 
CAN" (S suffix), and in chip form (H suffix). 

For information on another RCA Dual-Input 
Precision Level Detector , see the data bulletin 
for the RCA -CA3099E, File No. 620. 


Maximum Ratings, Absolute-Maximum Values at T A = 25° C; 


Supply Voltage Between Terminals 6 and 4, 16 V 

Output Voltage Between Terminals 7 and 4, and 3 and 4 16 V 

Differential Input Voltage Between Terminals 8 and 1, and 

Terminals 7 and 8 10 V 

Operating Voltage Range: 

Term. 8 f V - to V + 

Term. 7 (V“ plus 2.0 V) to V + 

Term. 1 (V”) to (V + minus 2.0 V) 

Load Current (Term. 3) 150 mA 

Input Current to Voltage Regulator (Term. 5) 25 mA 

Programmable Bias Current (Term. 2) 1 mA 

Output Current Control (Term. 5) 15 mA 

Power Dissipation: 

Without Heat Sink: 

Up to T a =55°C 

CA309RS, CA3098T 630 mW 

CA3098E 630 mW 

Above T A = 55° C Derate linearly at 6.67 mW/°C 

With Heat Sink: 

Up to T A = 55°C 

CA3098S, CA3098T 1.6 W 

Above T A = 55° C 

CA3098S, CA3098T Derate linearly at 16.67 mW/°C 

Ambient Temperature Range (All Packages): 

Operating -55 to +125 °C 

Storage -65 to +150 °C 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) 

from case for 10 seconds max 265 °C 
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General Description of Circuit Operation 
(Refer to Figs. 2, 3, 4) 

When the signal-input voltage of the CA3098 
is equal to or less than the "low" reference 
voltage (LR), current flows from an external 
power supply through a load connected to 
terminal 3 ("sink" output). This condition is 
maintained until the signal-input voltage 
rises to or exceeds the "high" reference volt- 
age (HR), thereby effecting a change in the 
state of the flip-flop (memory) such that the 
output stage interrupts current flow in the 
external load. This condition, in turn, is 
maintained until such time as the signal 
again becomes equal to or less than the "low" 
reference voltage (VR). 

The CA3098 comparator is unique in that it 
contains circuit provisions to permit pro- 
grammability. This feature provides flexi- 
bility to the designer to optimize quiescent 
power consumption, input-circuit charac- 
teristics, hysteresis, and additionally permits 
independent control of the comparator, 
namely, pulsing, strobing, keying, squelching, 
etc. Programmability is accomplished by 
means of the bias current (I bias) supplied 
to terminal 2. 

An auxiliary means of controlling the magni- 
tude of load-current flow at terminal 3 is 
provided by "sinking" current into terminal 5. 
Figs. 3 and 4 highlight the operation of the 
CA3098 when connected as a simple hys- 
teresis switch (Schmitt trigger). 



Fig. 3 — Basic hysteresis switch ( Schmitt trigger ). input signal levels. 

TYPICAL CHARACTERISTIC CURVES 



Fig. 5— Input-offset voltage ("low" reference) 
vs. programming bias current. 
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AMBIENT TEMPERATURE <T A ) — *C 92CS-20979 

Fig. 8 — Input-offset voltage ("high reference) 
vs. ambient temperature . 



PROGRAMMING BIAS CURRENT (IbiA S >— M a 92 l S-20985 


Fig. 6- Input-offset voltage ("high" reference) 
vs. programming bias current. 



92CS-209B4 


Fig 9 — Min. hysteresis voltage vs. programming 
bias current. 



Fig. 7 — Input-offset voltage ("low reference) 
vs. ambient temperature. 



Fig. 10 — Min. hysteresis voltage vs. ambient 
temperature. 
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ELECTRICAL CHARACTERISTICS at T A = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

Fig. 

No. 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Input Offset Voltage: 

"Low" Ref.,V| 0(LR) 

V LR = Gnd, V HR = 3 V 

'bias" 100 ma 

5 

-15 

-3 

6 

mV 

"High" Ref.,V| 0(HR) 

Vpp = Gnd, Vj_p = —3 V 

'bias = 100 mA 

6 

-10 

±10 

10 

Temp. Coeff: 

“Low" Ref. 

“High" Ref. 

—55 °C to + 125 °C 
—55 °C to + 125 °C 

7 

8 

- 

4.5 

±8.2 

- 

MV/°C 

Min. Hysteresis 

Voltage V| 0 (HR-LR): 

V REG = 6V - v+= 12 v 

'bias" 100 

9 

- 

3 

20 

mV 

Temp. Coeff. 

— 55°C to + 1 25 °C 

10 

- 

6.7 

- 

mv/°c 

Output Saturation Voltage, 
V ce (SAT) 

V| = 4 V, V R g G = 6 V, 

V + = 12 V, l B(AS = 100 /jA 

11,12 

- 

0.72 

1.2 

V 

Total Supply Current, 

'total : 

"ON" 

Vj = 4 V, Vp^Q = 6 V; 

V + = 1 2 V, l B | AS = 100 /jA 

13,14 

500 

710 

800 

mA 

“OFF" 

V, = 8 V, V REG = 6 V 
V + =12V,I B | AS = 100mA 

400 

560 

750 

mA 

Input Bias Current, 1 1 3 : 

*B(p-n-p) 

Vj = 4 V, Vp E Q = 6 V 

V + = 1 2 V, 1 B | A s = 100 /jA 

15 

- 

42 

100 

nA 

*B(n-p-n) 

V| = 8 V, Vp E Q = 6 V 

V + = 12 V, 1 B 1 AS = 10° mA 

- 

28 

100 

nA 

Output Leakage Current, 
'CE(OFF) 

Current from Term. 3 when 

Q46 is “OFF" 

- 

- 

- 

10 

MA 

Switching Times: 

Delay, t d 

l c = 100 /J.A 

'bias = 100 MA 

V + = 5 V 

v reg = 2 - 5v 

18 

- 

600 

- 

ns 

Fall, tf 

- 

50 

- 

ns 

Rise, t r 

- 

500 

- 

ns 

Storage, t s 

- 

4.5 

- 

Ms 

Output Current, Iq 

v+= 12 V -'bIAS = 50mA 

- 

100 

- 

- 

mA 


d ' 


AMBIENT temperature (T A )* 25°C 

PROGRAMMING BIAS CURRENT <lBIAS) = lOOuA 
SUPPLY VOLTAGE (V+M2V 









1 
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OUTPUT SINK CURRENT (I L OAD )-mA 

92CS- 20987 

Fig. 11 — Output saturation voltage vs. output 
sink current. 


SUPPLY VOLTAGE (V + )*lOV 
PROGRAMMING BIAS CURRENT (I B)AS HOO^A 


-100 -75 -50 -25 O 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — *C 

92CS- 20980 

Fig. 12 — Output saturation voltage vs. ambient 
temperature. 





PROGRAMMING BIAS CURRENT (I B |AS>~/* A 

92CS -26922 

Fig. 13 — Total supply current vs. programming 
bias current. 




92CS-26924 



Fig. 14 — Total supply current vs. ambient 
temperature. 


Fig. 15 — Input bias current vs. programming bias 
current. 


Fig. 16 — Input-offset voltage 
test circuit. 
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9ZCS-269I0 


Fig. 17 — Min. hysteresis voltage, total 
supply current, and input- 
bias-current test circuit. 


v+- 



TYPICAL APPLICATIONS 


4-6 V 



Fig. 19 — Time delay circuit: Terminal 3 
"sinks'' after r seconds. 


4- 6V 



Fig. 20 — Time delay circuit: "sink" current 
interrupted after T seconds. 


4- 6 V 



Fig. 21 — Sine-wave to square-wave converter 
with duty-cycle adjustment 
(Vj and V 2 ). 



Notes (a) Motor pump is “ON" when water level rises above 
thermistor TH2- 

(b) Motor pump remains “ON" until water level falls 
below thermistor TH-j . 

(c) Thermistors, operate in self-heating mode. 

Fig. 22(a) — Water-level control. 



Fig. 22(b) — Water level diagram for 
circuit of Fig. 22(a). 



Fig. 23 — OFF /ON control of triac with 
programmable hysteresis. 



Fig. 24 — One-shot multivibrator : 
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CA3099E 


Programmable Comparator . - 

RCA-CA3099E Programmable Comparator is a monolithic 
silicon integrated circuit designed to control high-operating- 
current loads such as thyristors, lamps, relays, etc. The 
CA3099E can be operated with either a single power supply 
with maximum operating voltage of 16 volts, or a dual 
power supply with a maximum operating voltage of ± 8 volts. 

It can directly control currents up to 1 50 mA. It operates with 
microwatt standby power dissipation when the current to be 
controlled is less than 30 mA. The CA3099E contains the 
following six (6) major circuit-function features (Figure 1): 

1. Differential amplifiers and summer; the circuit uses two 
differential amplifiers, one to compare the input voltage 
with the "high" reference, and the other to compare the 
input with the "low" reference. The resultant output of 
the differential amplifiers actuates a summer circuit 
which delivers a trigger that initiates a change in state of 
a flip-flop. 

2. Flip-flop; the flip-flop functions as a bistable "memory" 
element that changes state in response to each trigger 


With Memory 


SOURCE OF REFERENCE 
VOLTAGE <«V b /2> 


’HIGH" REFERENCE 
(HR) 


SIGNAL INPUT 


"LOW" REFERENCE 
(LR) 





command. 

3. Driver and output stages; these stages permit the circuit to 
"sink" maximum peak load currents up to 150 mA at 


Fig. 1 —Block diagram of CA3099E programmable comparator. 
(See page 3 for general description of circuit operation.) 


terminal 3. 


4. Programmable operating current; the circuit incorporates 
a separate terminal to permit programming the desired 
quiescent operating current and performance parameters. 


5. Internal sources of reference voltage and programmable 
bias current; an integral circuit supplies a temperature- 
compensated reference voltage (Vfc>/2) which is about 1/2 
of the externally applied bias voltage (Vb). Additionally, 
integral circuitry can optionally be used to supply an 
uncompensated constant-current source of bia$ (I bias)- 

6. Voltage regulator; provides optional on-chip voltage regu- 
lation when power for the CA3099E is provided by an 
unregulated supply. 


Features: 

■ Programmable operating current 

■ Micro-power standby dissipation 

■ Directly controls current up to 150 mA 

■ Low input on/off current of less than 1 nA 

for programmable bias current of 1 /iA 

■ Built-in hysteresis: 10 mV max. 

■ Programmable hysteresis: 10 mV to V + 

■ Dual reference input 

■ High sensor range: 100 £2 to 100 MH 

■ Stable predictable switching levels 

■ Temperature-compensated reference 

voltage 


Applications: 

■ Control of relays, heaters, LED's, lamps, 

photo-sensitive devices, thyristors, 
solenoids, etc. 

■ Signal reconditioning 

■ Phase and frequency modulators 

■ On/off motor switching 

■ Schmitt triggers, level detectors 

■ Time delays 

■ Overvoltage, overcurrent, 

overtemperature protection 

■ Battery-operated equipment 

■ Square and triangular-wave generators 


Maximum Ratings, Absolute-Maximum Values at T& - 2SPC: 


Supply Voltage Between Terminals 10 and 4, 

9 and 4, 8 and 4 16 V 

Output Voltage Between Terminals 7 and 4. 

and 3 and 4 16 \j 

Differential Input Voltage Between 
Terminals 14 and 1 , and Terminals 13 and 14 . 10 V 

Operating Voltage Range: 

Term. 14 0VtoV + 

Term. 13 2.0 V to V + 

Term. 1 0 V to V + minus 2.0 V 

Load Current (Term. 3) 150 mA 

Input Current to Voltage Regulator (Term. 5) . . 25 mA 

Programming Bias Current (Term. 2) 1 m A 

Output Current Control (Term. 7) 15 m A 

Power Dissipation: 

Up to T a = 55°C 750 mW 

Above T a = 55°C .... Derate Linearly at 6.67 mW/°C 

Ambient Temperature Range: 

Operating -55to+125°C 

Storage -65to+150°C 

Lead Termperature (During Soldering): 

At distance not less than 1/32 inch (0.79 mm) 

from seating plane for 10 s maximum .... +265 °C 


ELECTRICAL CHARACTERISTICS AT T A * 25°C {Unless otherwise indicated) 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

T a - 25 °C Unless Otherwise Indicated 

FIG. No. 

LIMITS 

UNIT 

MIN. 

TYP. 

MAX. 

Reference Voltage 

VrEF 

Term. 9 = 12 V, Term.4 = Grd, Term.1 1 = Test 

- . 

5.7 

6 

6.3 

V 

Reference Voltage 
Temperature Coefficient 


- 

- 

100 

- 

/lV/° C 

Regulated Supply Voltage 

V REG 

Term.5 1 K to 12V, Term.4 = Grd, Term.6 lOKtoGrd 

5 

6 

7.2 

8 

V 

Regulated Supply Voltage 
Temperature Coefficient 



5 

- 

2.9 

- 

mV/°C 

Input Offset Voltage: 

"Low" Reference 

V|0 (LR) 

V L r = Grd, V H r = 3 V, IgiAS = 100 /iA 

20,6 

-8 

-3 

2 

mV 

"High" Reference 

V I0 (HR) 

V H R = Grd. V LR = -3 V. 1(31 AS = 100 /iA 

20.7 

-5 

±1 

5 

"Low" Reference Temp. 
Coefficient 


— 55°C to +125°C 

20.8 

- 

4.5 

20 

//V/°C 

"High" Reference Temp. 
Coefficient 


-550C to + 1 25°C 

20,9 

- 

±8.2 

±20 

Min. Hysteresis Voltage 

VlO(HR-LR) 

V REG = 6 V. V + = 12 V, l B1AS = 100 /IA 

21. 10 

_ 

3 

10 

mV 

Min. Hysteresis Voltage 
Temperature Coefficient 


— 55°C to + 1 25°C 

11 

- 

6.7 

20 

/JV/°C 

Output Saturation Voltage 

V CE (SAT) 

V, -4v, V REG = 6 V, V + “12V, l B | AS * 100 /iA 

21,12,13 

- 

0.72 

1.2 

V 

Total Supply Current: 
’TOTAL "ON" 

’TOTAL 

V| *4 V, V REG * 6 V, V + * 12 V, IglAS “ 100 /IA 

21.14.15 

600 

710 

800 

HA 

’TOTAL "OFF" 

V| -8 V, V REG = 6 V, V + = 12 V, IfilAS” 100 /iA 

21,14,15 

420 

560 

750 

Input Bias Current . 

’B(p-n-p) 

■lB 

V, - 4 V, V REG - 6 V, V + - 12 V, leiAS = 100 /IA 

21,16,17 


33 

200 

nA 

’B(n-p-n) 

V, - 8 V. V REG - 6 V, V+ - 12 V. I B |AS “ 100 /IA 

21,16,17 

- 

20 

60 

Output Leakage Current 

’CE(OFF) 

Current from Term.3 when Q46 is "OFF" 

- 

- 

- 

10 

ha 

Internal Bias Current 

*1 BC 


18,19 

120 

200 

280 

Switching Times: 

Delay 

*d 

l C = 100 /iA 
’BIAS = 100 /iA 

V + * 5 V 

Vreg ■ 2 -5 V 

22 


600 


ns 

Fall 

tf 

22 

- 

50 

- 

Rise 

V 

22 

- 

500 

- 

Storage 

»s 

22 

- 

4.5 

- 

/19 
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CA3099E 



v+ 



Fig. 3 — Functional diagram. 


I SINK 






1 LOAD "ON" 1 

’ 1 LOAD "OFT" 

V LR Vhr 


92CS-2099I 

Fig. 4 - Logic diagram. 


TYPICAL CHARACTERISTIC CURVES 


General Description of Circuit Operation (Refer to Fig.1) 

When the signal-input voltage of the CA3099E is equal to or 
less than the "low" reference voltage (LR), current flows from 
an external power supply through a load connected to 
terminal 3 ("sink" output). This condition is maintained 
until the signal-input voltage rises to or exceeds the "high" 
reference voltage (HR), thereby effecting a change in the 
state of the flip-flop (memory) such that the output stage 
interrupts current flow in the external load. This condition, 
in turn, is maintained until such time as the signal again be- 
comes equal to or less than the "low" reference voltage (VR). 

The CA3099E comparator is unique in that it contains circuit 
provisions to permit programmability. This feature provides 
flexibility to the designer to optimize quiescent power con- 
sumption, input-circuit characteristics, hysteresis, and addi- 
tionally permits independent control of the comparator, 
namely, pulsing, strobing, keying, squelching, etc. Pro- 
grammability is accomplished by means of the bias current 
(•bias) supplied to terminal 2. As an alternative to externally 
supplied bias current, the CA3099E contains an internal 
source of regulated bias current accessible at terminal 12. 
This internal source of bias current is developed by two 
alternative methods; in the first method, bias voltage (Vb) 
applied at terminal 9 develops a source of temperature- 
compensated reference voltage (~ Vb/2) at terminal 1 1 and 
additionally supplies a source of bias current at terminal 12 
via line "A". Alternately, when a positive supply voltage is 
applied at terminal 8, a source of constant-current biasing is 
provided at terminal 12 via line "B". 

An auxiliary means of controlling the magnitude of load-cur- 
rent flow at terminal 3 is provided by "sinking" current into 
terminal 7. The CA3099E contains an on-chip voltage regu- 
lator which may optionally be used to regulate the voltages and 
bias currents (exclusive of the load current at terminal 3) 
needed for the operation of the 1C. 

Fig. 2 is the schematic diagram of the CA3099E. Figs. 3 
and 4 are, respectively, functional and logic diagrams of 
CA3099E operation. 



AMBIENT TEMPERATURE (T A ) — *C 

92CS- 20973 

Fig. 5 — Reflated supply voltage vs. ambient temperature. 



92CS- 20985 

Fig. 7 — Input-offset voltage ("high" reference) vs. programming 
bias current. 



92CS- 20986 

Fig. 6 - Input-offset voltage ("low" reference) vs. programming 
bias current. 



Fig. 8 — Input-offset voltage Clow" reference) vs. ambient 
temperature. 
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LINEAR INTEGRATED CIRCUITS 


CA3099E 

I | PROGRAMMING BIAS CURRENT <I BIAS )>IOO A 


-75 -50 -25 O 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) »C 


Fig. 9 — Input-offset voltage ("high" reference) vs. ambient 
temperature. 


> 4 AMBIENT TEMPERATURE {T A )*25*C 

, SUPPLY VOLTAGE < VM « 12 V 

T "HIGH" REFERENCE VOLTAGE (Vhr)«6V 
5 "LOW" reference VOLTAGE <V LR )» 6 V 


I 10 100 1000 

PROGRAMMING BIAS CURRENT (I BIAS 1 — P A 

92CS-20984 

Fig. 10 — Min. hysteresis voltage vs. programming bias current. 
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-100 -75 -50 -25 0 25 50 75 OO 125 

AMBIENT TEMPERATURE <T A ) — *C 

92CS- 20975 

Fig. 11 — Min. hysteresis voltage vs. ambient temperature. 
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OUTPUT SINK CURRENT (I LQA o)-wA 


PROGRAMMING BIAS CURRENT ( IbiAs' — P a 


Fig. 12 — Output saturation voltage vs. output sink current. 


Fig. 13 — Output saturation voltage vs. ambient temperature. 


Fig. 14 — Total supply current vs. programming bias current. 


8 I AMBIENT TEMPERATURE (T A )- 25 *C 4 
4 -SUPPLY VOLTAGE (V 4 1 -I 2 V 4 

REGULATED SUPPLY <VREG>-«V 



PROGRAMMING BIAS CURRENT <IbiAS ,- P a 

92CS-20982 


Fig. IS - Input bias current vs. programming bias current. 



SUPPLY VOLTAGE (V + ) — V 


Fig. 16 — Internal bias current vs. supply voltage. 


75 - 50 -25 O 25 50 75 IOO 125 

AMBIENT TEMPERATURE (T A ) — *C 


Fig. 17 - Internal bias current vs. ambient temperature. 
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Fig. IQ — input-offset voltage test circuit. 

For application information, see Data Bulletin File No. 620. 
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HYSTERESIS VOLTAGE « Vj "OFF" — Vj ’t>N" 

92CS- 20994 

Fig. 19 — Min. hysteresis voltage, total supply current, 
and input bias current test circuit. 



Fig. 20 - Switching time test circuit. 




LINEAR INTEGRATED CIRCUITS 


v+ 



Features: 

■ High open-loop gain at video frequencies — 42 dB typ. at 1 MHz 

■ High unity-gain crossover frequency (f j) — 38 MHz typ. 

■ Wide power bandwidth — Vq = 18 V p-p typ. at 1 .2 MHz 

■ High slew rate — 70 V/jus (typ.) in 20 dB amplifier 

25 V/jlis (typ.) in unity-gain amplifier 

■ Fast settling time — 0.6 jus typ. 

■ High output current — ±15 mA min. 

■ LM118, 748/LM101 pin compatibility 

■ Single capacitor compensation 

■ Offset null terminals 


CA3100 

Wideband 

Operational Amplifier 

RCA-CA3100S, CA3100T is a large-signal 
wideband, high-speed operational amplifier 
which has a unity gain crossover frequency 
(f j) of approximately 38 MHz and an open- 
loop, 3 dB corner frequency of approximately 
110 kHz. It can operate at a total supply 
voltage of from 14 to 36 volts (±7 to ±18 
volts when using split supplies) and can 
provide at least 18 V p-p and 30 mA p-p at 
the output when operating from ±15 volt 
supplies. The CA3100 can be compensated 
with a single external capacitor and has dc 
offset adjust terminals for those applications 
requiring offset null. (See Fig. 15). 

The CA3100 circuit contains both bipolar 
and P-MOS transistors on a single mono- 
lithic chip. 

The CA3100 is supplied in either the stand- 
ard 8-lead TO-5 package ("T" suffix), or in 
the 8-lead TO-5 dual-in-line formed-lead 
"DIL-CAN" package ("S" suffix). 

Applications: 

■ Video amplifiers 

■ Fast peak detectors 

■ Meter-driver amplifiers 

■ High-frequency feedback amplifiers 

■ Video pre-drivers 

■ Oscillators 

■ Multivibrators 

■ Voltage-controlled oscillator 

■ Fast comparators 



Fig. 2 - Open-loop gain , open-loop phase shift vs. 
frequency. 



FREQUENCY <f)— MHz 92CS-2I 

Fig. 3 — Open-loop gain vs. frequency and 
temperature. 


MAXIMUM RATINGS, Absolute-Maximum 
Values at T A = 25 f C: 


Supply Voltage (between 


V + and V - terminals) . . 

36 

V 

Differential Input Voltage 

±12 

V 

Input Voltage to Ground* 

±15 

V 

Offset Terminal to V~ 

Terminal Voltage 

±0.5 

V 

Output Current 

50 

mA* 

Device Dissipation: 

Upto Ta = 55° C 

630 

mW 

Above Ta= 55° C 

6.67 

mW/°C 



FREQUENCY (f) — MHz 92CS-2I572 

Fig. 4 — Open-loop gain vs. frequency and supply 
voltage. 


Ambient Temperature 
Range: 

Operating — 55 to +1 25° C 

Storage — 65 to +150° C 

Lead Temperature 
(During Soldering): 

At distance 1/16± 1/32 

inch (1.59 ± 0.79 mm) 

from case for 10 s max . . 300 °C 

*lf the supply voltage is less than ±15 volts, the 
maximum input voltage to ground is equal to the 
supply voltage. 

•CA3100S, CA3100T does not cdntain circuitry 
to protect against short circuits in the output. 



Fig. 5 — Required compensation capacitance vs. 
closed-loop gain. 


257 





LINEAR INTEGRATED CIRCUITS 


CA3100 


ELECTRICAL CHARACTERISTICS, At T A =25°C: 


CHARACTERISTICS 

TEST CONDITIONS 

SUPPLY VOLTAGE (V*,V“)=15 V 
UNLESS OTHERWISE SPECIFIED 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

| STATIC | 

Input Offset Voltage, Vjo 

V Q = 0 ±0.1 V 

- 

±1 

±5 

mV 

Input Bias Current, l|B 

V 0 = 0 ± 1 V 

- 

0.7 

2 

flA 

Input Offset Current, l|0 

- 

±0.05 

±0.4 

I1A 

Low-Frequency Open-Loop 
Voltage Gain,AQL # 

Vq = ± 1 V Peak, F = 1 kHz 

56 

61 


dB 

Common-Mode Input 

Voltage Range, V|cr 

CMRR >76 dB 

±12 

+ 14 
-13 

- 

V 

Common-Mode 

Rejection Ratio, CMRR 

V| Common Mode = ± 12 V 

76 

90 

_ 

dB 

Maximum Output Voltage: 
Positive, Vqm + 

Differential Input Voltage = 0 ±0.1 V 
R L = 2 k£2 

+9 

+ 1 1 

_ 

V 

Negative, Vqm - 

-9 

-11 

- 

Maximum Output Current: 
Positive, <OM + 

Differential Input Voltage = 0 ±0.1 V 
R l = 250 il 

+ 15 

+30 

. 

mA 

Negative, Iom“ 

-15 

-30 

- 

Supply Current, l + 

Vq = 0 ±0 1 V, R L >10 K$2 

- 

8.5 

10.5 

mA 

Power-Supply 

Rejection Ratio, PSRR 

Av + = ± i v. Av- -- ± i v 

60 

70 

- 

dB 

DYNAMIC 

Unity-Gain 

Crossover Frequency, fj 

C c v O 0 3 v (p p ) 


38 

- 

MHz 

1-MHz Open-Loop 

Voltage Gain.AQL 

f - 1 MHz, C C 0, Vq - 10 V (P-P) 

36 

42 

- 

dB 

Slew Rate, SR: 

20 dB Amplifier 

A v = 10, Cq = 0, V| = 1 V (Pulse) 

50 

70 


V/f is 

Follower Mode 

Ay "1,Cc = 10 pF, V, - 10 V (Pulse) 

- 

25 

- 

Power Bandwidth, PBW A : 
20-dB Amplifier 

Ay = 10, C C - 0, Vq = 18 V (P-P) 

0.8 

1.2 


MHz 

Follower Mode 

Ay = 1, C C = 10 pF. Vq = 18 V (P-P) 

- 

0.4 

- 

Open-Loop Differential 

Input Impedance, Z| 

F = 1 MHz 

- 

30 

- 

k£2 

Open- Loop 

Output Impedance, Zq 

F - 1 MHz 


110 

- 

n 

Wideband Noise Voltage Re- 
ferred to Input, eN(Total) 

BW = 1 MHz. Rs = 1 KS2 

- 

8 

- 

JA/RMS 

Settling Time, t s 

Tto W .hin ± 50 mV of 9 V 
[Output Swing 

R L = 2 Kl2, C L = 20 pF 

_ 

0.6 

- 

/is 


. oiew ndie m 

A Power Bandwidth * — Low-frequency dynamic characteristic 

7TV 0 (P-P) 



Fig. 6 — Slew rate vs. compensation capacitance. 



Fig. 7 — Typical open-loop output impedance vs. 
frequency. 



Fig. 8 — Wideband input noise voltage vs. source 
resistance. 




Fig. 9 - Typical open-loop differential input 
impedance vs. frequency. 


Fig. 10 — Maximum output voltage swing vs. 
frequency. 



Fig. 11 — Common-mode input voltage range vs. 
supply voltage. 
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Fig. 12 — Maximum output voltage vs. supply 
voltage. 



Fig. 13 - Supply current vs. supply voltage. 



92CS-2I378 

Fig 14 — Input bias current vs. supply voltage. 


TEST CIRCUITS 



SET Vi TO GIVE 
DESIRED Vo LEVEL 
AT TEST FREQUENCY 


c :n° 1 * 
io ka 

NULL ADJUST 
POTENTIOMETER 


;2Kfl- 

WITH Vi *0 ADJUST 
POTENTIOMETER (Rx) 

TO GIVE VQ'Oi 0 1 Vdc 


AT FREOUENCY>l MHz V r 8 V 0 
MEASURED WITH HP8405A 
VECTOR VOLTMETER 

92CS-2I587 


V* 




Fig. 15 — Open-loop voltage gain test circuit 


Fig. 16 — Slew rate in 10X amplifier test circuit. 


Fig. 17 — Follower slew rate test circuit. 


IpF 





Fig. 18 - Wideband input noise voltage test 
circuit. 


Fig. 19 - Output voltage swing (V QM ), output 
current swing (!q M ) test circuit. 


Fig. 20 — Settling time test circuit. 


TYPICAL APPLICATIONS 



Fig. 21 -20 dB video amplifier. 



ZERO 



Fig. 23—1 MHz meter-driver amplifier. 
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CA3118, CA3146, CA3183 Types 
High-Voltage Transistor Arrays 


RCA-CA31 18AT, CA31 18T, CA3146AE, CA3146E, CA- 
3183AE, and CA3183E are general-purpose high-voltage 
silicon n-p-n transistor arrays on a common monolithic 
substrate. 

Types CA3118ATand CA3118T consist of four transistors 
with two of the transistors connected in a Darlington con- 
figuration. These types are well suited for a wide variety of 
applications in low-power systems in the DC through VHP 
range. Both types are supplied in a hermetically sealed 12- 
lead TO-5 type package and operate over the full military 
temperature range. (CA3118AT and CA31 18T are high- 
voltage versions of the popular predecessor type CA3018- 

Types CA3146AE and CA3146E consist of five transistors 
with two of the transistors connected to form a di ferentially- 
connected pair. These types are recommended for low-power 
applications in the DC through VHF range. 


Types CA3183AE and CA3183E consist of five high-current 
transistors with independent connections for each transistor. 
In addition two of these transistors (Q1 and Q2) are matched 
at low-current (i.e. 1mA) for applications where offset para- 
meters are of special importance. A special substrate terminal 
is also included for greater flexibility in circuit design. 

The types with an "A" suffix are premium versions of their 
non-"A" counterparts and feature tighter control of break- 
down voltages making them more suitable for higher voltage 

applications. 

For detailed application information, see companion Appli- 
cation Note, ICAN-5296 "Application of the RCA CA3018 
Integrated Circuit Transistor Array." 



PT* 

>c 

v CEO 

v CBO 

V CE sat. 

h FE 

V|Q 

'lO 

T^ Range 

TYPE 





at 1 0 m A 

at 1 mA, 

Diff. Pair at 1 mA 

(Operating) 


max. 

max. 

max. 

max. 

typ. 

&V CE =5V 

max. 

max. 



mW 

mA 

V 

V 

V 

typ. 

mV 

PA 

°C 

VALUES APPLY FOR EACH TRANSISTOR | 

CA3118AT 

300 

50 

40 

50 

0.33 

95 

±5 

2 


CA3118T 

300 

50 

30 

40 

0.33 

95 

±5 

2 


CA3146AE 

300 

50 

40 

50 

0.33 

95 

±5 

2 

-55- +125 

CA3146E 

300 

50 

30 

40 

0.33 

95 

+5 

2 


CA3183AE 

500 

75 

40 

50 

0.16 

75 

±5 

2.5 


CA3183E 

500 

75 

30 

40 

0.16 

75 

+ 5 

2.5 



• Caution on Total Package Power Dissipation: The maximum total package dissipation rating for the CA31 18 Series circuits is 450 mW at 
temperatures up to +85°C, then derate linearly at 5 mW°C. The maximum total package dissipation rating for the CA3146 and CA3183 
Series circuits is 750 mW at temperatures up to +55°C, then derate linearly at 6.67 mW®C. 


Features 

■ Matched general-purpose transistors 

■ Vgg matched ±.5mV max. 

■ Operation from DC to 120 MHz (CA31 18AT, T; 

CA3146AE, E) 

■ Low-noise figure: 3.2dB typ. at 1kHz (CA3118AT, T; 

CA3146AE, E) 

■ High l c : 75mA max. (CA3183AE, E) 

Applications 

■ General use in signal processing systems in DC through 

VHF range 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 

■ Lamp and relay drivers (CA3183AE, E) 

■ Thyristor firing (CA3183AE, E) 



MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25<>C 


Power Dissipation: 

Any one transistor — 

CA3118AT, CA3118T, CA3146AE, CA3146E 300 mW 

CA3183AE, CA3183E 500 mW 

Total package — 

Up to 85°C (CA31 18AT, CA31 18T) 450 mW 

Up to 55°C (CA3146AE, CA3146E, CA3183AE, CA3183E) 750 mW 

Above 85°C (CA31 18AT, CA31 18T) derate linearly 5 mW/°C 

Above 55°C (CA3146AE, CA3146E,CA3183AE, CA3183E) derate linearly 6.67 mW/°C 

Ambient Temperature Range: 

Operating- -55 to +125 °C 

Storage (all types) -65 to +150 °C 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265 °C 

The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage (VcEO^ : 

CA31 18AT, CA3146AE, CA3183AE 40 V 

CA3118T, CA3146E, CA3183E 30 V 

Collector-to-Base Voltage (Vcbq) : 

CA3118AT, CA3146AE. CA3183AE 50 V 

CA3118T, CA3146E, CA3183E 40 V 

Collector-to-Substrate Voltage (Vqiq): ■ 

CA3118AT, CA3146AE.CA3183AE 50 V 

CA3118T, CA3146E, CA3183E 40 V 

Emitter-to-Base Voltage (V^bO* 3,1 types 5 V 

Collector Current — 

CA31 18AT, CA31 18T, CA3146AE, CA3146E 50 mA 

CA3183AE. CA3183E 75 mA 

Base Current (I 3 ) — CA3183AE, CA3183E 20 mA 


■ The collector of each transistor ] is isolated from the substrate by an integral diode. The substrate 
must be connected to a voltage which is more negative than any collector voltage in order to 
maintain isolation between transistors and provide normal transistor action. To avoid undesired 
coupling between transistors, the substrate terminal should be maintained at either DC or sig- 
nal (AC) ground. A suitable bypass capacitor can be used to establish a signal ground. 


92CS-I4244RI 


CA3118AT, CA3118T. 



92CS -15206 


CA3146AE, CA314E 



SUBSTRATE O 92CS-19638 

5 

CA3183AE, CA3183E 

Fig. 1 - Schematic diagrams of high-voltage arrays. 


260 





LINEAR INTEGRATED CIRCUITS 


CA3118, CA3146, CA3183 Types 


COMPARISON OF RELATED PREDECESSOR TYPE WITH TYPES IN THIS DATA BULLETIN 



DATA 

FILE 

NO. 

v CEO 

min. 

V C BO 

min. 

V CE sat. 
typ. V 

Vbe 

typ. V 

•c 

max. mA 

C CB 
typ. pF 

C CI 

typ. pF 

C EB 
typ. pF 

l C =10mA 

Iq= 1 mA 

CA3018 

338 

15 

20 

0.23 

0.715 

50 

0.58 

2.8 

0.6 

CA3018A 

338 

15 

20 

0.23 

0.715 

50 

0.58 

2.8 

0.6 

CA3118AT 


40 

50 

0.33 

0.730 

50 

0.37 

2.2 

0.7 

CA3118T 


30 

40 

*0-33 

0.730 

50 

0.37 

2.2 

0.7 





IC=10mA 

IC=1 mA 





C A 3046 

341 

15 

20 

0.23 

0.715 

50 

0.58 

2.8 

0.6 

CA3146AE 


40 

50 

0.33 

0.730 

50 

0.37 

2.2 

0.7 

CA3146E 


30 

40 

0.33 

0.730 

50 

0.37 

2.2 

0.7 





IC=50mA 

IC=10 mA 





C A 3083 

481 

15 

20 

0.4 

0.74 

100 

- 

- 

- 

CA3183AE 


40 

50 

1.7 

0.75 

75 

- 

- 

- 

CA3183E 


30 

40 

1.7 

0.75 

75 

- 

- 

- 


STATIC ELECTRICAL CHARACTERISTICS - CA3I18 and CA3146 Series 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 1 

LIMITS 

UNITS 

T a - 25°C 

CA3118AT, CA3146AE 

CA3118T, CA3146E 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

| For Each Transistor: j 

Collector-to-Base 

Breakdown Voltage 

v (BR)CBO 

l c = 10MA. I E =0 

50 

72 

- 

40 

72 

- 

V 

Collector-to-E mitter 

Breakdown Voltage 

v (BR)CEO 

Iq = 1mA, l B = 0 

40 

56 

_ 

B 


- 

V 

Collector-to-Substrate 

Breakdown Voltage 

v (BR)CIO 

»CI - 10/iA. I B = 0 
i E = o 

50 

72 

- 

B 


- 

V 

Emitter-to-Base 

Breakdown Voltage 

v (BR).EBO 


5 

7 

- 

B 

7 

- 

V 


‘CEO 


■ 

see 

curve 

5 

- 

Bd 



Collector-Cutoff Current 



HI 

0.002 

100 




nA 

DC Forward-Current 

Transfer Ratio 

h FE 

Vq E =5V 

lQ=10mA 

- 

85 

- 

- 

85 

- 

- 

Iq= 1 mA 

30 

too 

- 

30 

100 

- 

l c =10/iA 

- 

90 

- 

- 

90 

- 

Base-to-Emitter Voltage 

Vbe 

Vce = 3V, l c = 1 mA 

0.63 

0.73 

0.83 

0.63 

0.73 

0.83 

V 

Co 1 lector- to-E m itter 

Saturation Voltage 

v CEsat 

Iq * 10mA, Iq = 1 mA 

- 

0.33 


- 

0.33 

- 

V 

For transistors Q3 and Q4 (Darlington Configeration): 

Co Hector -Cutoff 

Current 

CA31 18AT 

and 

CA3118T 

only 

'CEO 

V CE = 10V, l B =0 

- 

- 

5 

- 

- 

- 

HA 

DC Forward-Current 

Transfer Ratio 

h FE 

V CE = 5V, l C = 1 mA 

1500 

9000 

- 

1500 

9000 

- 


Base-to-Emitter 

(Q3 to Q4> 

vbe 

V CE =5V 

l E = 10mA 

- 

1.46 

- 

- 

1.46 

- 

V 

l E =1mA 


1.32 

- 

- 

1.32 

- 

Magnitude of Base-to- 
Emitter Temperature 

Coefficient 


av be 

AT 


VcE = 5V, l E = 1 mA 

- 

4.4 

- 

- 

4.4 

- 

mV/°C 

For transistors Q1 and Q2 (AS a Differential Amplifier) : 

Magnitude of Input 

Offset Voltage 

|v B ei = v BE2 | 

□ 


B 


5 

■ 

0.48 

B 


Magnitude of 
h EE Ratio 

CA3118AT and 

CA31 18T only 

YCE = 5V, 

•ci = 'C2 = lmA 

09 

1.0 

1.1 

0.9 

1.0 

i.i 

- 

Magnitude of Base-to- 

Emitter Temperature 

Coefficient 

1 


1 


B 


fl 

■ 


B 


Magnitude of V|q 

(V B ei -V B e 2> Temp- 
erature Coefficient 


AV,q 

AT 


V CE = 5V. 

*C1 = 'C2 3 1 mA 

- 

1.1 


- 

1.1 

- 

iuv/°c 

Magnitude of 
Input Offset 

Current 

| , ior , io 2 | 

CA3146AE 

and 

CA3146E 

only 



■ 

0.3 

■ 

■ 

■ 

■ 

HA 


TYPICAL STATIC CHARACTERISTICS CURVES- 
CA31 18 and CA3146 SERIES (cont'd Fig.2 to 12) 



Fig. 2 - Iqeo vs. for any transistor. 



COLLECTOR CURRENT (I C ) — mA 


Fig. 4 - hfE vs. !q for any transistor. 
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Fig. 5 - Vqe vs. for any transistor. 
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LINEAR INTEGRATED CIRCUITS 


CA3118, CA3146, CA3183 Types 


DYNAMIC ELECTRICAL CHARACTERISTICS - CA3118 and CA31 46 Series 


CHARACTERISTICS 

SYM- 

BOL 

TEST CONDITIONS 

CA3118AT 

CA3146AE 

CA3118T 

CA3146E 

UNITS 

T A = 25°C 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Low Frequency Noise Figure 

NF 

f = 1kHz, V C E = 5V, 

Iq = IOOjUA, Source 
resistance = 1 k£2 

- 

3.25 

- 

- 

3.25 

- 

dB 

Low-Frequency, Small-Signal 
Equivalent-Circuit 

Characteristics: 

Foward-Current Transfer 

Ratio 

hfe 

f = 1kHz. V CE = 5V. 

•c = 1mA 


100 



100 



Short-Circuit Input 

Impedance 

h ie 

- 

2.7 

- 

- 

3.5 

- 

kfi 

Open-Circuit Output 
Impedance 

h 0 e 

- 

15.6 

- 

- 

15.6 


H mho 

Open-Circuit Reverse - 
Voltage Transfer Ratio 

h r e 

: 

- 

1.8x1 O' 4 

- 

- 

1.8x1 O’ 4 

- 


Admittance Characteristics: 

Foward T ransfer Admittance 

Y fe 

i 

f = 1MHz, V CE = 5V, 

1C = 1 mA 


31 -j 1.5 



31-j1.5 

_ 

mmho 

Input Admittance 

Y je 

- 

0.35+j0.04 

__ 

- 

0.>j0.04 

- 

mmho 

Output Admittance 

Y oe 

- 

0.001+j0.03 

- 

- 

0.001 +j0. 03 

- 

mmho 

Reverse Transfer Admittance 

Yre 



See curve 



See curve 


mmho 

Gain-Bandwidth Product 

<T 

Vqe = 5V. Ic = 3mA 

300 

500 

- 

300 

500 

- 

MHz 

Emitter-to-Base Capacitance 

CEB 

V EB = 5V, l E =0 

- 

0.70 

- 

- 

0.70 

- 

PF 

Collector-to-Base Capacitance 

C CB 

Vcb = 5V, Ic = 0 

- 

0.37 

- 

- 

0.37 

- 

PF 

Collector-to-Substrate 

Capacitance 

c ci 

V CI = 5V < *C = 0 

- 

2.2 

- 

- 

2.2 



pF 


STATIC ELECTRICAL CHARACTERISTICS - CA3183 Series 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 


T A = 25°C 

CA3183AE 

CA3183E 

UNITS 

Min. | Typ. [ Max. 

Min. | Typ. | Max. 

For Each Transistor: ] 

Collector-to-Base 

Breakdown Voltage 

v (BR)CBO 

l c =1 00/tA, l E =0 

50 

- 

- 

40 

- 

- 

V 

Collector-to-Emitter 

Breakdown Voltage 

v (BR)CEO 

Iq= 1 mA, lg=0 

40 

- 


30 

- 

- 

V 

Code ctor-to-Substrate 

Breakdown Voltage 

V <BR)C10 

I C I = 100MA, i b =o, 
l E = 0 

50 

- 

- 

40 

- 

- 

V 

Emitter-to-Base 

Breakdown Voltage 

v (BR)EBO 

l E = 500pA,l C = 0 

5 

- 

- 

5 

- 

- 

V 

Collector-Cutoff Current 

•CEO 

V CE = 10V, Iq = 0 

- 

- 

10 

- 

- 

10 

IXfK 

Collector-Cutoff Current 

»CBO 

v C b = iov, i E = o 

_ 

- 

1 

- 

- 

1 

M A 

DC Forward-Current 

Transfer Ratio 

h FE 

Vce= 3 V, Iq = 10mA 

40 

- 

- 

40 

- 

- 

- 

Vqe = 5V, l C = 50mA 

40 

- 

- 

40 

- 

- 

Base-to-Emitter Voltage 

v B e 

V CE = 3V - 'C = 10mA 

0.65 

0.75 

0.85 

0.65 

0.75 

0.85 

V 

Collector-to-Emitter 

Saturation Voltage 

*VCEsat 

Iq = 50mA, lg = 5mA 

- 

1.7 

3.0 

- 

1.7 

3.0 

V 

| For Transistors Q1 and Q2 (As a Differential Amplifier) : j 

Absolute Input Offset 
Voltage 

l v '0| 

VcE = 3V < ic = 1 

- 

0.47 

5 

- 

0.47 

5 

mV 

Absolute Input Offset 

Current 

|'io| 

- 

0.78 

2.5 

- 

0.78 

2.5 

M A 


• A maximum dissipation of 5 transistors x 150mW = 750mW is possible for a particular application. 


TYPICAL STATIC CHARACTERISTICS CURVES- 
CA3118 and CA3146 SERIES (cont'd Fig.2 to 12) 



Fig. 6- Vqe sat vs. / q for any 
transistor. 



Fig. 7 - hf£ vs. !q for Darlington pair (Q3 and Q4) 
for types , CA31 18A Tand CA31 J8T. 



92CS- I5I83RI 


Fig. 8 - Vg£ vs. Ip for Darlington 
pair ( Q3andQ4 ). 





Fig. 9- V be vs. T 4 for Darlington 
pair (Q3 and Q4). 


Fig. 10 - V/q vs. T £ for Q1 and Q2. 


Fig. 11 - Vbe and V/q vs. t £ for Q1 and Q2. 
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LINEAR INTEGRATED CIRCUITS 


CA3118, CA3146, CA3183 Types 

TYPICAL STATIC CHARACTERISTICS CURVES- TYPICAL DYNAMIC CHARACTERISTICS CURVES 


CA31 1 8 and CA3146 SERIES (Fig.2 to 12) 
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92CS-I52I6R1 


Fig. 12 - IfO vs. /q (Q1 and Q2) for types CA3146AE 
and CA3146E. 



Fig. 15 - NF vs. !c@Rs = 10kn - 


(FOR ANY TRANSISTOR) 



Fig. 13 — NF vs. Iq@ Rs~ 500 SI. 



92CS- 15190 R3 

Fig. 16 — hf e , hj e , h oe , h re vs. Iq. 


■CA31 18,CA3146 SERIES (Fig. 13 to 22) 



Fig. 14 — NF vs. I C @R S = Ik SI. 



Fig. 17 - Y fe vs. f. 




92CS— I4260RI 



92CS-W258R2 


Fig. 18 - yj e vs. f 


Fig. 19-y oe vs. f. 


Fig. 20 - y re vs. f. 




92CS-I9639 


Fig. 21 - fjvs. !q- 


Fig. 22 - Ceb, Cqq, Cqj vs. bias voltage 
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LINEAR INTEGRATED CIRCUITS 


CA3118, CA3146, CA3183 Types 

TYPICAL STATIC CHARACTERISTICS CURVES— CA3183 SERIES 
(Fig. 23 to 30) 



92CS-I9640 



92CSI9643 



Fig 23 ~ IqeO vs - ^ A f° ran Y transistor. 


Fig. 24 - IqbO ^ T A f° ran Y transistor. 


Fig. 25- h pe T A for any transistor. 





COLLECTOR CURRENT (I c )-mA 


Fig. 28 - Vqe sat vs - l C f° r an Y transistor. 



COLLECTOR CURRENT (I C ) — mA 

92C3- 19951 


Fig 29 - | V/q\ vs. !q for differential amplifier (Q 1 and Q2). 



Fig 30 - \//q\ vs. / q for differential amplifier (Q 1 and Q2). 
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LINEAR INTEGRATED CIRCUITS 


CA3120E, CA3142E 


TV Signal Processors 
("Jungle” Circuits) 

For Color and Monochrome Receivers 

The RCA-CA3120E and CA3142E are mono- 
lithic silicon integrated circuit TV signal 
processors for use in color or monochrome 
receivers. These circuits provide low-imped- 
ance video output signals, stripped synchro- 
nization signals in both polarities, and AGC 
output signals for IF (reverse) and tuner 
(forward and/or reverse). 

The circuit designs of the CA3120E and 
CA3142E feature impulse noise inversion, 
delay techniques to reduce the deleterious 
effects of impulse noise in the receiver AGC 
and sync circuits. In addition, they in- 
corporate standard AGC strobing techniques. 
The AGC noise lockout circuit is deleted in 
the CA3142E. 

Features: 

■ Internal impulse noise processing 

■ Sync separator — low impedance, 
dual polarity 

■ Strobed AGC system ■ I F AGC output 

■ Delayed outputs for forward or 
reverse AGC tuners 

■ Automatic noise threshold and 
AGC detector level control 

■ High-impedance video input 

■ Low-impedance video output 

■ Choice of external time constants 
for sync separator 

■ Negative power supply not required 

■ RF AGC delay externally controlled 



Fig. 2— Test circuit for measuring electrical charac- 
teristics of the CA3120E and CA3142E. 
Refer to Figs. 7 and 8 for switch selector 
positions. 



Fig. 1 - Simplified block diagram of the CA3120E and CA3142E. 
MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°C 

DC SUPPLY VOLTAGE 30 V 

DEVICE DISSIPATION: 

Up to T a = 55°C 750 mW 

Above T A = 55° C Derate linearly at 7.9 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating —40 to +85 °C 

Storage — 65 to +150 °C 

LEAD TEMPERATURE (During soldering): 

At a distance not less than 1/32" (0.79 mm) 

from case for 1 0 seconds max +265 Q C 


v* 
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LINEAR INTEGRATED CIRCUITS 


CA3120E, CA3142E 

CIRCUIT DESCRIPTION* 

Ah AGC sample-and-hold system generates 
control voltages proportional to the video 
level. The sync-tip voltage is compared to an 
internal reference voltage during the hori- 
zontal synchronization (retrace) interval. The 
control voltages (AGC outputs) are supplied 
to the tuner's RF stage and the IF amplifier 
to maintain the video level at a constant value. 
The composite positive and negative output 
sync signals are developed across a low im- 
pedance source (totem-pole circuit) at an 
amplitude of approximately 20 volts peak- 
to-peak. 

Video Chain and Impulse Noise Inverter — 

The input video signal applied at Terminal 8 
is white “positive" with a required amplitude 
in the range of 2 to 4 volts. The DC level of 
the sync peaks, AGC threshold voltage ( Vjh) 
is approximately 5 volts. The level is main- 
tained at 5 volts by the AGC loop in the cir- 
cuit, comprised of the CA31 20E or CA31 42E 
and the TV receiver RF and I F amplifiers. A 
low source impedance video signal is available 
from the emitter of Q1 (Terminal 9 in Fig. 3). 
The external resistor (Rxi in Fig. 9) reduces 
the dissipation of Q1. The emitter-follower 
output of Q1 is directly coupled to a differ- 
ential comparator stage (Q2, Q3). Unless a 
negative-going pulse is present, Q2 functions 
as an emitter follower and also cuts off tran- 
sistors Q3, Q5, and Q1 2. 

The output of Q2 is applied through a signal 
delay network, consisting of transistor Q60 
and associated resistors, to the Darlington 
followers (Ql 3 and Q1 4) . The delayed video 
signal at Q14 is fed via its emitter to an AGC 
comparator Q19 and to the junction of a 
noise-cancelling amplifier stage (Q16). The 
noise-cancelled video signal is inverted and 
amplified by Q16 and then connected to 
a Darlington emitter-follower output stage 
(Q57, Q58). 

If impulse noise is present on the video signal, 
Q3 conducts and turns on transistors Q5 and 
Q12. Q5 inverts and "stretches" the noise 
pulse width. The output of Q5 is applied to 
an emitter follower stage (Q12). The signal 
from Q12, in turn, is applied to the summing 
junction to the noise-cancelling amplifier 
Q16. The noise pulse, which has now been 
amplified, inverted and stretched, is added 
to the delayed video signal from the emitter 
of Q14. 

Because the video signal has been delayed 
approximately 300 nanoseconds and the 
noise pulse has been widened ("stretched") 
approximately 500 nanoseconds, the output 
of the combined signal no longer contains 
impulse noise signals. The derived noise- 


gating pulse "surrounds" and effectively 
eliminates the effects of the impulse noise. 
The noise-cancelled video signal, amplified 
and buffered, is available at Terminal 5 for 
use in the sync-separator stage. The peak-to- 
peak amplitude of the noise-cancelled output 
signal is approximately twice the amplitude 
of the input video signal at Terminal 8. 

Sync Separator (See Figure 4 ) — The sync 
separator stage (Q56) clamps the detected 
sync tips to a fixed reference voltage 
(— 0.7 V) across its base-emitter junction, 
and amplifies a portion of the sync signal 
to provide dual polarity sync-signal outputs 
at Terminals 2 (negative) and 3 (positive). 
The output signals are derived from low- 
impedance complementary emitter-follower 
stages; a base current of 100 microamperes 
into Terminal 4 is sufficient to generate full- 
amplitude sync signals. 

The choice of coupling the noise-cancelled 
video-signal from the emitter-follower (Ter- 
minal 5) to the sync separator (Terminal 
4) is a user option. Fig. 5 shows three typical 
coupling networks. 

Fig. 6 illustrates the operation of the AGC 
circuits. An input ramp signal, simulating 
the potential to which the AGC filter capaci- 
tor may be charged, is applied to Terminal 
11. The forward IF AGC output voltage 
appears at Terminal 13. Under low-signal 
level conditions (represented by A to B in 
Fig. 6) the output level is approximately 
1.4 volts less than the voltage applied to 
Terminal 12. 

The circuit designer should select the voltage 
at Terminal 12 to provide the maximum IF 
gain required for the system. At intermediate 
signal level conditions (represented by B to 
C in Fig. 6), the IF AGC signal follows the 
AGC filter potential. The tuner(s) will oper- 
ate at maximum gain for good signal-to- 
noise ratios at these equivalent input signal 
levels. Point C is a turnover point determined 
by the open-circuit potential of the tuner- 
delay bias potentiometer. At this potential, 
further change in the IF AGC output is in- 
hibited (for good dynamic range) and the 
tuner AGC potentials are activated (repre- 
sented by C to D). 

The output at Terminal 14 with suitable 
level shifting is used for tuners requiring 
reverse AGC, such as MOSFET or electron- 
tube types. The output at Terminal 15 is 
used for tuners requiring forward AGC, such 
as tuners utilizing n-p-n bipolar transistors. 


* For additional information refer to the IEEE 
Transactions on Broadcast and TV Receivers/' 
August 1970, pp. 185-195, Vol. BTR No.3. 


v* 



Fig. 4 - Sync separator stage. 


NOISE- 

CANCELLED 

VIDEO 

output r x4 C X | 

0-aaaHH 


SYNC 

SEP INPUT 


-<5 


(o) 


v+ 




Fig. 5 — Typical coupling networks 
(Term. 5 to Term. 4). 



Fig. 6 — Typical operation of the AGC circuits using 
the CA3120E and CA3142E. 
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LINEAR INTEGRATED CIRCUITS 


CA3120E, CA3142E 


CHARAC- 

TERISTIC 

TEST CONDITIONS 

TERMINAL 

MEASURED 

j] 

Li 

Li 

M 

Li 

Li 

9 

SWITCH NUMBERS 
7/ | 72 | 73 | 74 | 15 

ItsI 

77 

7S 

73 

20 

SWITCH POSITION 

'T24 

2 

3 

1 

2 

1 

2 

3 

1 

1 

3 

2 

1 

2 

2 

2 

1 

5 

2 6 7 9 14 

v T h 

2 

1 

2 

1 

1 

4 

3 

4 

4 

3 

1 

2 

2 

2 

2 

1 

3 

8 

V5 

2 

1 

2 

1 

1 

4 

3 

4 

4 

3 

1 

2 

2 

2 

2 

2 

3 

19 

V TH(SEP) 

3 

1 

2 

1 

1 

* 

3 

3 

4 

1 

1 

2 

1 

2 

2 

2 

1 

* 

U(OFF) 

3 

1 

2 

4 

2 

1 

1 

1 

1 

1 

1 

2 

1 

2 

2 

1 

1 

14 

V 2L 

1 

2 

2 

3 

2 

1 

1 

1 

1 

1 

1 

2 

1 

1 

2 

1 

1 

Vl7 

V2H 

3 

3 

1 

1 

2 

1 

1 

1 

1 

1 

1 

2 

1 

1 

2 

1 

1 

•Vi 7 

V3L 

3 

3 

1 

1 

2 

1 

1 

1 

1 

1 

1 

2 

1 

2 

1 

1 

1 

Vl8 

V3H 

3 

3 

1 

3 

2 

1 

1 

1 

1 

1 

1 

2 

1 

2 

1 

1 

1 

Vl8 

hl(CH) 

2 

1 

2 

5 

2 

1 

1 

5 

4 

3 

1 

2 

2 

2 

2 

1 

5 

hi 

hl(DISCH) 

2 

1 

2 

5 

1 

2 

3 

6 

4 

3 

1 

2 

2 

2 

2 

1 

5 

in 

hl(LEAK) 

2 

1 

2 

5 

2 

1 

1 

6 

4 

3 

2 

2 

1 

2 

2 

1 

5 

hi 

Vll 

T 

1 

T 

~ 

1 

2 

3 

2 

3 

3 

1 

2 

2 

2 

~ 

1 

5 

V 11 

Vl2 

T 

1 

2 

5 

2 

1 

1 

3 

4 

3 

1 

2 

1 

2 

2 

1 

5 

V 12 

Vl3(L0W) 

3~ 

1 

T 

~ 

2 

2 

3 

1 

1 

2 

1 

2 

1 

2 

2 

1 

2 

Vl3 

Vl3(HIGH> 

T 

1 

2 

5 

T 

2 

3 

7 

4 

3 

2 

1 

1 

2 

2 

1 

4 

V20 

•l4(0FF) 

T 

T 

~ 

IT 

T 

2 

3 

3 

4 

3 

3 

1 

1 

2 

T" 

~ 

5 

*14 

h4(ON) 

3 

1 

T 

5 

T 

2 

3 

8 

... 

4 

3 

3 

1 

1 

2 

2 

1 

5 

*14 

'15(0FF) 

T 

T 

T 

I 

T 

2 

3 

3 

4 

3 

2 

3 

1 

2 



5 

h5 

h5(ON) 

3 

1 

T 

Tj 

~ 

2 

3 

8 

4 

3 

2 

3 

1 

2 

2 

1 

5 

h5 


CAUTION: Remove power before selecting or adjusting switches. 

* Reduce voltage at Terminal 8 until 9 decreases. Vjh(SEP) = ^TH ~ ^8 

NOTE: Switch numbers in italics correspond to numbers in square boxes in Figs. 2 and 8 , 



Fig. 7 — Test condition values for associated switches 1 through 20 (switches 6, 7, and 10 are omitted). 
Refer to Figs. 2 end 8 for test circuit and test-condition selector-switch arrangements. 



MEASURE VOLTAGE 


MEASURE VOLTAGE 



Fig. 9 - Typical application using the CA3120E and CA3142E. 


(Figure 8 continued on the next page) 
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LINEAR INTEGRATED CIRCUITS 


CA3120E, CA3142E 

ELECTRICAL CHARACTERISTICS at T A - 25<>C, Supply Voltage (V+) = 24 V and 
Referenced to Test Circuits and Test Conditions (Figs. 2, 7, and 8). 


CHARACTERISTICS 

TERMINAL 

MEASURED 

CA3120E 

CA3142E 

LIMITS 

UNITS 


AIMU 

SYMBOL 

Min. 

Typ. 

Max. 


Supply Current (Pulse Test) 

'T24 

20 

- 

40 

mA 

AGC Threshold (Sync Tip Level at Video Input) 

Vth 

4.5 

- 

5.5 

V 

Video Input Amplitude (White Positive) 

V8 

- 

3 

- 

Vp-p 

Video Output Amplitude (Low Impedance) 

v 9 

- 

3 

— 

Vp-p 

Noise Cancelled Video Output at Vjh 

v 5 

3.6 



9.2 

V 

(Black Positive, Gain = 2) 






AGC to Noise Separation 

V TH (SEP) 

1.1 

- 

2.2 

V 

Sync Input Current for Full Amplitude Outputs 

U (ON) 

- 


100 

pA 

Maximum Leakage Current at Terminal 4 

'4 (OFF) 

- 

- 

±6 

ma 

Sync Outputs: 



■ 



Negative Sync Low 

V 2(L) 

0 

1 

2.6 

V 

Negative Sync High 

V 2(H) 

23.8 

- 

24 

V 

Positive Sync Low 

V 3(L) 

0 

- 

0.2 

V 

Positive Sync High 

V 3(H) 

20.1 

- 

24 

V 

AGC Filter: 






Charge Current (Pulse Test) 

'll(CH) 

12 

- 

36 

mA 

Discharge Current 

1 1 1 (DISCH) 

1.1 

- 

2.6 

mA 

Leakage Current 

1 1 1 (LEAK) 

- 


+6 

ma 

AGC Enable: 






Horizontal Keying 

v 16 (ON) 

3 

- 

6 

V 

Negative Sync Input Current 

'l (ON) 

- 

1 

- 

mA 

Maximum IF Gain Clamp Voltage 

V 1 1 

4.8 

- 

5.7 

V 

Maximum IF Gain Bias 

Vi 2 

4.2 

- 

5.2 

V 

IF AGC Voltage: 






Low 

v 13(L0W) 

0 

- 

3.3 

V 

High 

V 1 3(H 1 GH ) 

5.7 

- 

6 

V 

Tuner Currents: 






Reverse AGC (FET) OFF Current 

1 1 4 (OFF) 

- 

- 

±6 

MA 

Reverse AGC (FET) ON Current 

1 1 4 (ON) 

1.8 

- 

5.5 

mA 

Forward AGC (n-p-n) OFF Current 

1 1 5 (OFF) 

- 

- 

±6 

MA 

Reverse AGC (n-p-n) ON Current 

1 1 5 (ON) 

4.5 

- 

15 

mA 

Internal Noise-Lockout Time (CA3120E only) 

T 

1 

- 

63 

Ms 




NOTE: The italicized numbers in the square boxes refer 
to the 1 7 switches (switches 6, 7, and 1 0 are 
omitted) of the test circuit and correspond to 
those given in Figs. 2 and 7. 

CAUTION : Remove power before selecting or adjust- 
ing switches 


Fig.8 — Test condition selector switch arrangement for measuring the 
electrical characteristics of the CA3120E and CA3142E. 


268 








LINEAR INTEGRATED CIRCUITS 


CA3121E 


TV Chroma Amplifier/Demodulator 

Provides Complete System for Processing Chroma 
When Used with RCA-CA3070 

RCA-CA31 21 E is a monolithic silicon integrated circuit chroma 
amplifier/demodulator with ACC and killer control for color-TV 
receivers. It is designed to function compatibly with the 
CA3070 in a two package chroma system. Fig. 4 shows 
a functional block diagram and the outboard circuitry of a 
typicai two-package chroma system incorporating the CA31 21 E 
and CA3070, respectively. 

The CA3121E is supplied in a 16-lead dual-in-line plastic 
package. 

Features 

■ Excellent linearity in dc chroma gain-controlled circuit 

■ Improved filtering reduces 7.2 MHz output from the 
color demodulators 

■ Current limiting for short-circuit protection 

■ Good tolerance to B+ supply variations 

■ Good temperature coefficient stability 


MAXIMUM RATINGS at T A = 25 C 

Supply Voltage 30 V 

Device Dissipation: 

Up to T a = 55° C 750 mW 

Above T a = 55°C derate linearly 7.9 mW/°C 

Operating Temperature Range —40 to +85 C 

Lead Temperature (During Soldering) 

At distance 1/16" ±1/32" (1.59 ±0.79 mm) 

from case for 10 s max +265°C 


5 . 

o 1500 




100 ZOO 300 400 500 600 700 

NTSC CHROMA INPUT SIGNAL (TERM. 2) — mV p - p 




Fig. 3 — Schematic diagram of the CA3121E. 


Fig . 2 - Typical ACC plot for the CA3121E when used with 
the CA3070. 


CIRCUIT OPERATION 

The CA3121E consists of three basic circuit sections: 
(1) amplifier No. 1, (2) amplifier No. 2, and (3) demodulator. 
Amplifier No. 1 contains the circuitry for automatic chroma 
control (ACC) and color killer sensing. The output of amplifier 
No. 1 (Terminal 3) is coupled to the Chroma Signal Processor 
(CA3070 or equivalent) for ACC and automatic phase control 
(APC) operation and to the input of amplifier No. 2 
(Terminal 4) containing the chroma gain control circuitry. The 
signal from the color-killer circuit in amplifier No. 1 acts 
upon amplifier No. 2 to greatly reduce its gain. 

The output from amplifier No. 2 (Terminal 14) is applied, 
through a filtering network, to the demodulator input 
(Terminal 13). The demodulator also receives the R-Y and 
B-Y demodulation subcarrier signals (Terminals 7 and 8) 
from the oscillator output of the chroma signal processor. The 
R-Y and B-Y demodulators and the matrix network contained 
in the demodulator section of the CA3121E reconstruct the 
G-Y signal to achieve the R-Y, G-Y, and B-Y color difference 
signals. These high-level outputs signals with low impedance 
outputs are suitable for driving high-level R, G, B output 
amplifiers. Internal capacitors are included on each output to 
filter out unwanted harmonics. For additional operating 
information and signal waveforms, refer to Television Chroma 
System (utilizing RCA-CA3070, CA3071, CA3072),File No.46B 


ELECTRICAL CHARACTERISTICS at T A * 25° C and Referenced to Test Circuit ( Fig. 5 ) 


CHARACTERISTIC 

TERMINAL 

MEASURED 

AND 

TEST CONDITIONS 

LIMITS 

UNITS 


SYMBOL 


Min. 

Typ. 

Max. 


Supply Current 

»T 

- 

- 

40 

44 

mA 

Input Sensitivity 

v 2 

Vary Eg; set V 4 for 55 mV RMS 

6 

10 

15 

mV RMS 

Second-Stage Sensitivity 

v 4 

Vary Eg;$etV 1t for 2 V RMS 

25 

55 

100 

mV RMS 

Output Voltage 
(Killer off) 

Vll 

Switch Position: SI =2, S2=2, S3=2 

Adjust killer potentiometer until output 
drops 



70 

mV RMS 

1 Demodulator Characteristics: 






Output Voltages 

v 9' v 10 ' v n 


13 

14.3 

15.6 

V 

DC Output Balance 
(Between any 2 
outputs) 

- 

- 

-0.6 

. “ 

+0.6 

V 

Unbalance 

v 9 .v 10 .v 11 

Eg=0; Switch Position: S1=1, S2=1, 

S3=1 

- 

- 

0.8 

Vp-p 

Relative Outputs— 

R-Y 

Vio 

Vary Eg; set } for 2 V RMS 

1.4 

1.52 

1.68 

V RMS 

G-Y 

v 9 


0.3 

: 

0.4 

0.5 

V RMS 

Relative Phase- 
R-Y 

VlO 

Vary Eg; set ^ for 2 V RMS; 
read phase of V^q and Vg 

-101 

-106 

-111 

degrees 

GY 

v 9 

with V ^ i as reference 

112 

104 

96 

degrees 

Max. Output Voltage 

Vll 

Eg = 750 mV 

2.8„ 

” ' j 

- 

V RMS 
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LINEAR INTEGRATED CIRCUITS 


CA3121E 



Fig. 4 — Outboard circuitry of a typical two-package chroma system for mcl-mw 

color-TV receivers utilizing the CA3121E and CA3070. 


TO 

TERM. 6 V* = 24V 



2.2-kfl LOADS ONLY FOR TEST PURPOSE, 3.3-kO LOADS RECOMMENDED FOR APPLICATIONS. 
RESISTANCE VALUES ARE IN OHMS- 

CAPACITANCE VALUES ARE IN MICROFARADS UNLESS OTHERWISE INDICATED. 


Fig. S — Typical characteristics test circuit for the CA3121E. 
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LINEAR INTEGRATED CIRCUITS 


CA3123E 


AM Radio Receiver Subsystem 

Includes RF Amplifier, IF Amplifier, Mixer, 
Oscillator, AGC Detector, and Voltage Regulator 

The CA3123E* is a monolithic silicon integrated circuit 
that provides an rf amplifier, if amplifier, mixer, oscillator, 

AGC detector, and voltage regulator on a single chip. It is 
intended for use in super-heterodyne AM radio receiver 
applications particularly in automobiles. The CA3123E is 
supplied in a 14-lead dual-in-line plastic package and operates 
over the temperature range of —55° to 125°C. 

* Formerly RCA Dev. No. TA6155 


Features: 

■ Low-noise, low-R^' rf stage in cascode connection — 
eliminates Miller-Effect regeneration and allows con- 
trolled power rise by the choice of external components 

■ Mixer-oscillator stage with internal feedback — 
eliminates need for tapped or multi-winding 
oscillator coils 

■ Cascode if amplifier with controlled output impedance 
and negligible Miller Effect — 

eliminates regeneration and selectivity skewing 

* Frequency-counter AGC circuit — 

allows control of AGC response by selection of the 
coupling capacitor 

■ Integral regulation with built-in surge protection 

■ Separately accessible amplifiers 


MIXER INPUT 1 

V r _ 1 

14 MIXER OUTPUT 

OSCILLATOR TANK 2 

V + 3 

OSCILLATOR | J | 

13 RF OUTPUT 

12 RF INPUT 

MIXER BYPASS 4 

AGC DRIVE 5 

“ r[~ACc1 [I" 

II RF BYPASS 

10 AGC CAPACITOR 

IF OUTPUT 6 

IF INPUT 7_ 

f 

-^v^AMPL 1 

9 RF GROUND 

8 SUBSTRATE AND 



IF AMPL. GROUND 


92CS-2I666 

Terminal assignment diagram. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST CON 


LIMITS 

UNITS 

DITIONS 

Min. | Typ. | Max. 

| Static Characteristics In Circuit of Fig. 3 j 

DC Voltage: 


T 

> 

> 



4.7 


V 

At Terminals 1 , 4 

At Terminals 2, 3, 14 

V 2 .V 3 ,V 14 



6.8 


V 

At Terminal 5 

V 5 



0.25 


V 

At Terminal 6 

V 6 



12 


V 

At Terminal 7 

V 7 



0.76 


V 

At Terminals 8, 9 

V 8- V 9 



0 


V 

At Terminals 10, 1 1 

V 10 V 11 



0.71 


V 

At Terminal 12 

V 12 



0.71 


V 

At Terminal 13 

V 13 



4.0 


V 

DC Current: 

5, 7 

•i-U-'b' 1 ?' 
I 8 ,l 9' 1 10 jI 1 1 - 1 1 2 



0 


mA 

Into Terminals 1 , 4, 

8, 9, 10, 11, 12 

Into Terminal 2 

'2 



1.2 


mA 

Into Terminal 3 

*3 



15 


mA 

Into Terminal 6 

'6 



4.3 


mA 

Into Terminal 13 

1 1 3 



4.5 


mA 

Into Terminal 14 

* 14 



0.170 


mA 

j Performance Characteristics In Circuit of Fig. 3 | 

Sensitivity 


Input Signal to Dummy 

Antenna at f|fyj = 1 MHz, 

30% AM Modulation at 
*MOD =4 ®® Hz, for 1 1 mV 
output at Vq 

- 

2.3 

5 

M V 

Signal-to-Noise Ratio 

S/N 

Ratio of Output at Vq 
with Modulation ON and then 
OFF, Input Signal=100 /uV, 

30% AM Modulation at 

f MOD =400 Hz 

34 

43 

- 

dB 

Overload Distortion 


Input Signal set at 

1 MHz, 90% AM 

Modulation, Distortion 
atVQ must be 
< 10% 

160000 

400000 

- 

mV 

| Dynamic Characteristics For Indicated Stages In Circuit of Fig. 3 | 

Stage 

Parallel Capacitance 

1 Parallel Resistance 

T ranscond* jctance 

Input 

pF 

Output 

PF 

Input 

ft 

Output 

n 

pmhos 

RF Amplifier 

80 

6 

750 

2x10® min. 

140000 

IF Amplifier 

35 

3.5 

950 

10 4 

80000 

Mixer 

6 

2 

2000 

2 x 10® min. 

2500 (Mixer) 

3000 (Amplifier) 


DC SUPPLY VOLTAGE: 

At Terminal No. 3 (V + ) 9 V 

At Terminal No. 6 (I F Output) 40 V 

At Terminal No. 13 (RF Output) 20 V 

At Terminal No. 14 (Mixer Output) ... 20 V 

DC CURRENT: 

Into Terminal No. 3 (V + ) 35 mA 

DEVICE DISSIPATION: 

Up to T a = 55°C 750 mW 

Above T a = 55°C derate linearly 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating — 55 to +125®C 

Storage — 65to+150°C 

LEAD TEMPERATURE (During Soldering) : 

At distance 1/16” ± 1/3” 

(1.59 mm ± 0.79 mm) 

from case for 10 s max 265°C 


TYPICAL CHARACTERISTICS 



Fig. 1 — Control of RF stage by signal into Terminal No.S. 



Fig. 2- Test circuit for Fig. 1. 


271 






LINEAR INTEGRATED CIRCUITS 


CA3123E 



Transformer 

Symbol 

Frequency 

Inductance 

Mh (*4 

Capacitance 

pF(^ 

Q 

Total Turns To 
Tap Turns Ratio 

Coupling 

First IF: 

Primary 


262 kHz 

2840 

130 

60 


none 

critical 

~0.017 * 5 1/Q 

Secondary 

T 2 


2840 

130 

60 


0 , 30:1 

31:1 

Second IF: 

Primary 


262 kHz 

2840 

130 

60 


8.5:1 

- 

Secondary 

T 3 


2840 

130 

60 


8.5:1 

«0.017«1/Q 

Antenna: 

Primary 


1 MHz 

195 

(C-j )— 130 

65 



Secondary 

T 1 

Adjusted to an impedance of 75 & with primary resonant at 1 MHz. Coupling should be as tight as practical. 
Wire should be wound around end of coil away from tuning core. 


Li 

7.9 MHz 

6 


50 




Coils 

l 2 

1 MHz 

55 


50 





L3 

1.262 MHz 

41 


40 





Fig. 3- Schematic diagram of AM radio receiver using CA3123E. 



PERFORMANCE CHARACTERISTICS IN CIRCUIT OF FIG. 3 



Fig. 5 — Signal-to-noise performance. 



Fig.6 — AGC curve showing voltage rise (controlled by 
external capacitance of 5.7 pF: C/ 7 , Fig.3 ). 

Change in slope in the vicinity of 40000 fJS/ signal input voltage is the 
result of the use of C 17 (5.7 pF) in Fig.3. The dotted curve indicates 
expected performance if 0/7 = 0 . 



Fig. 7 — Overload response. 
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LINEAR INTEGRATED CIRCUITS 


CA3125E 

Television Chroma Demodulator 


RCA-CA3125E is a monolithic silicon integrated-circuit 
chroma demodulator having three separate demodulators 
with independent phase control. It is designed to function 
compatibly with the CA1398E 1C Chroma Processor as well 
as other commercially available Chroma Processors in R-G-B 
Systems of color-TV receivers. The CA3125E is supplied 
in a 14-lead dual-in-line plastic package. 


MAXIMUM RATINGS, Absolute-Maximum Values at = 25° C 

SUPPLY VOLTAGE 25 V 

SUPPLY CURRENT 20 mA 

AMBIENT-TEMPERATURE RANGE: 

Operating -40° C to +85° C 

Storage -65°C to +1 50° C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16" ± 1/32" (1.59 ± 0.79 mm) 

from case for 10s max 265°C 


Features: 

■ Luminance input 

■ Blanking control input 

■ Three separate demodulators with independent phase control 

■ Low output offset voltage 0.4 V 


TYPICAL STATIC CHARACTERISTICS AT T A = 25°C, 


V + = +20 VOLTS 

SUPPLY CURRENT 9.6 mA 

BRIGHTNESS CONTROL VOLTAGE: 

Measured with 8 volts at 

Terminals 11, 12, and 13 1.4 V 

MAX. OUTPUT DIFFERENCE VOLTAGE: 

Measured between any two of 

Terminals 1 1 , 1 2, and 1 3 ±0.4 V 

MAXIMUM DC DETECTOR UNBALANCE 
VOLTAGE: 


DC voltage shift on Terminals 11, 12, and 1 3 
when Terminals 1 , 2, and 3 are alternately 
biased 0.5 volt positive, then negative with 
reference to Terminal 14 +150 mV 


TYPICAL DYNAMIC CHARACTERISTICS AT T A = 25°C, 
V + = +20 volts 
BLUE CHROMA GAIN: 

Peak-to-peak voltage at Terminal 1 1 with 1 .0 volt 
peak-to-peak applied differentially between 
Terminals 6 and 7, and with a subcarrier 


injection voltage of 1 volt peak-to-peak 
RED GAIN RATIO: 

Peak-to-peak voltage at Terminal 13 

7.36 Vp-p 

Peak-to-peak voltage at Terminal 11 

GREEN GAIN RATIO: 

Peak-to-peak voltage at Terminal 12 

100% 

30% 


Peak-to-peak voltage at Terminal 11 
LUMINANCE GAIN: 

Peak-to-peak voltage measured at Terminals 1 1 , 

12, and 13, with a peak-to-peak voltage of 

0.1 volt applied to Terminals 6 and 7 

(common mode), and with no subcarrier 

injection 0.7 Vp-p 
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LINEAR INTEGRATED CIRCUITS 


CA3126Q 

TV Chroma Processor 

RCA-CA3126Q is a monolithic silicon integrated circuit receivers. It is compatible with the CA3067 chroma demodu- 

designed for chroma processing applications in color TV lator as well as other chroma demodulators. 


MAXIMUM RATINGS, Absolute-Maximum Values at T ^ = 25°C 


DEVICE DISSIPATION: 

UptoT A = 55°C 750 mW 

Above T a = 55°C derate linearly 7.9 mW/°C 

DC SUPPLY VOLTAGE (Across Terms. 5 and 12) A 13.2 V 

DC CURRENT: 

Into Term. 12 38 mA 

Into Term. 14 20 mA 

DC VOLTAGE (Terminal 9): 

Negative Rating —5 V 

Positive Rating 3 V 

AMBIENT TEMPERATURE RANGE: 

Operating -40 to +85 °C 

Storage -65 to +150°C 

LEAD TEMPERATURE (During Soldering): 

At a distance not less than 1/32 in. (0.79 mm) 

from case for 10 seconds max +265°C 


*This rating does not apply when using the internal zener reference 
in conjunction with an external pass transistor. 


ELECTRICAL CHARACTERISTICS 

Test Conditions: T A ~ 25 C, chroma control at maximum position for all characteristics tests except for chroma output test. 

For this test, control should be set at minimum position. Electrical characteristics referenced to test circuit, Fig.2. 


CHARACTERISTIC 

TERMINAL, 
MEASURE 
MENT, AND 

SYMBOL 

SWITCH POS. 

CHROMA 

INPUT 

TP1 

LIMITS 

UNITS 

SI 

S2 

Min. 

Typ. 

Max. 

Static Characteristics ] 

Voltage Regulator 

V^ 

2 

2 

0 

10.1 

11.2 

12.1 

V 

Supply Current 

1 12 

2 

2 

0 

16 

25 

38 

mA 

| Dynamic Characteristics (See Note 1) ] 

Pull-in Range* 

v 8 

* 

2 

05V PP 

±250 

- 

- 

Hz 

Oscillator Output 

v 8 

2 

2 

0 

0.6 

1.0 

- 

V p-p 

100% Chroma Output 

v 15 

1 

2 

0.5V p . p 

1.4 

2.7 

- 

V P P 

Overload Detector 

V 15 

1 

1 

0 5V p .p 

0.4 

- 

0.7 

V PP 

Minimum Chroma Output 

V 15 

1 

2 

0 5 Vp 

- 

' - 

20 

mV P-p 

200% Chroma Output 

V 15 

1 

2 

1 V PP 

70 

100 

140 

% of 
100% 
reading 

20% Chroma Output 

v 15 

1 

2 

0.1 Vp 

40 

- 

105 

Kill Level 

V TP1 

1 

2 

vary 

5 

- 

60 

mV P-p 


Note 1 : Except for pull-in range testing, tune oscillator trimmer capacitor for free-running frequency of 3.579545 MHz ± 10 Hz. 
Set Switch 1 to Position 2, detune oscillator ± 250 Hz, set Switch 1 to Position 1 , and check for oscillator pull-m. 


AFPC 



Fig. 1 -Block diagram of CA3126Q TV Chroma Processor. 


Features: 

m Phase-locked subcarrier regeneration utilizes sample-and-hold 
techniques 

■ Automatic chrominance control (ACC)/killer detector employs 
sample-and-hold techniques 

■ Supplementary ACC with an overload detector to prevent 
oversaturation of the picture tube 

■ Sinusoidal subcarrier output 

■ Keyed chroma output 

■ Emitter-follower buffered outputs for low output impedance 

■ Linear dc saturation control 

■ Internal zener-regulated reference potentials 

■ Only the initial crystal filter tuning is required. . . no killer or 
ACC adjustments required at any time 

■ Few external components required 

■ Compensation for temperature and supply variations 

■ All terminals protected against short circuits 


CIRCUIT DESCRIPTION 

The following paragraphs briefly describe the circuit operation 
of the CA3126Q (shown in Fig. 1 ). A detailed description of 
the operation of various portions of the CA3126Q is 
given in ICAN-6247, "Application of the CA31 26Q Chroma- 
Processing 1C Using Sample-and-Hold Techniques". 

The chroma input is applied to Terminal 1 through the desired 
band-shaping network. A 2,450-ohm resistor should be placed 
in series with Terminal 1 to minimize oscillator pickup in the 
first chroma amplifier. This amplifier supplies signals to the 
second chroma amplifier and to the ACC and AFPC detectors. 
The first chroma amplifier is gain-controlled by the ACC 
amplifier. 

A horizontal keying pulse is applied to Terminal 9. This pulse 
must be present to ensure proper operation of the oscillator 
circuit. The subcarrier burst is sampled during the keying 
interval in the AFPC detector. The error voltage, produced at 
Terminal 2 and proportional to the burst phase, is compared 
to the quiescent bias voltage at Terminal 3 by the sample-and- 
hold circuitry. This "compared" voltage controls the phase- 
shifting network in the phase-locked loop. The operation of the 
AFPC loop is independent of any external adjustments or 
voltages except for an initial capacitor adjustment to set the 
free-running frequency. 

The regenerated oscillator signal at Terminal 8 is applied 
internally to the AFPC and ACC detectors through +45- and 
-45-degree phase-shifter networks to establish the proper 
phase relationship for these detectors. The ACC detector, 
which also samples the burst during the keying interval, 
produces a correction voltage proportional to the burst ampli- 
tude. The correction voltage is compared to the quiescent bias 
level using sample-and-hold circuitry similar to that used in the 
AFPC portion of the circuit. The "compared” voltage is applied 
internally to the ACC amplifier and killer amplifier. Because 
the amplifier gains and killer threshold are determined by the 
ratios of the internal resistors, these functions are independent 
of external voltages or controls. 

The attenuated chroma signal is fed to the second chroma 
amplifier, where the burst is removed by keyer action. The 
killer amplifier, the chroma gain control, and the overload 
detector control the action of the second chroma amplifier, 
whose gain is proportional to the dc voltage at Terminal 16. 
The overload detector (Terminal 13) receives a sample of the 
chroma output (Terminal 15) and detects the peak of the signal. 
The detected voltage is stored in an external capacitor con- 
nected to Terminal 16. This stored voltage on Terminal 16 
affects the gain of the second chroma in the same manner as 
the chroma gain control. 


APPLICATIONS INFORMATION 
General Considerations 

The block diagram shown in Fig. 1 is typical of the type of 
circuit used in the practical application of the CA3126Q. 
Several items are critical for proper operation of the circuit. 
1. A series resistor of approximately 2,450 ohms (or high 
source impedance) must be used at the chroma input, 
Terminal 1. This high impedance minimizes pickup of 
unbalanced currents, particularly of the subcarrier oscillator 
signal. 
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2. When the overload detector is used, a large resistor (nom- 
inally 47,000 ohms) must be placed in series with Terminal 
16 to set the required RC time constant. The same RC 
network series serves to set the killer time constant. 

3. The setting of the free-running oscillator frequency requires 
the presence of the keying pulse. The free-running frequency 
will be erroneous if Terminal 1 is dc shorted during the 
setting operation because of the dc offset voltage introduced 
to the AFPC detector. 

4. Care must be taken in PC board designs to provide 
reasonable isolation between the oscillator portion of the 
circuit (Terminals 6, 7, and 8) and the chroma input 
(Terminal 1). 

Overload Detector 

The overload detector accomplishes two purposes: 

1. It prevents oversaturation due to low burst-to-chroma 
ratios. 

2. It prevents overload conditions due to noise. 

Both of these conditions are discussed in more detail in 
ICAN-6247. The extent to which the overload detector is used 
depends upon the individual receiver design goals. If greater 
than 0.5-volt peak-to-peak output is desired, the chroma 
output at Terminal 15 can be tapped to yield any desired 
degree of overload detector action. 

Chroma Gain Control 

The chroma gain control operates by varying the base bias on 
current source transistor Q25. To ensure proper temperature 
tracking of the chroma gain control, it is essential that the 
control be operated from a supply source derived from the 
reference voltage at Terminal 12. Because the control operates 
from a current source, chroma gain is much more predictable 
and far less temperature sensitive than controls that steer 
current by means of a differential amplifier. The typical chroma 
gain characteristic for the CA3126Q is shown in Fig. 3. 

Subcarrier Regenerator Oscillator 

The oscillator filter consists of a 3.579545-MHz crystal, a 
680-ohm resistor, and a 10-pF capacitor connected in series 
across Terminals 6 and 7. A 33-pF capacitor, shunt connected 
from Terminal 7 to ground, rolls off higher-order harmonics, 
thereby preventing oscillation at the crystal third-harmonic 
frequency. A curve of the typical static phase error as a 
function of the free-running oscillator frequency is shown in 
Fig. 4. It should be noted that the slope of the curve determines 
the dc gain of the phase-locked loop, i.e., 40 Hz per degree. 



VOLTAGE AT TERM. 16 (V| 6 ) % OF V, 2 

92CS -24999 

Fig .3 -Chroma gain control. 






I I f 10 v ri 


*-| |« — 5 /as CENTERED ON BURST 

Fig. 2 -Test circuit for CA3126Q. 
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Fig. 5 -Amplitude and phase variations of oscillator 


Fig. 4-Static phase error. 


output vs. temperature. 



Thermal Considerations 

The circuit of the CA3126Q is thermally compensated to 
achieve the optimal operating characteristics over the normal 
operating temperature range of TV receivers. Figs. 5 and 6 
show the oscillator- and chroma-output amplitudes and phases 
as a function of temperature (Terminals 8 and 15), respectively. 
Both the oscillator- and chroma-output amplitudes and phases 
are measured relative to the chroma-input phase. The per- 
formance of the oscillator free-running frequency as a function 
of temperature is shown in Fig. 7. All the temperature plots are 
characteristic of the test circuit with the indicated component 
types and values given in Fig. 2. 


Fig. 6 -Amplitude and phase variations of chroma 
output vs. temperature. 


Fig. 7 Variation of oscillator free-running frequency vs. temperature. 
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High-Frequency N-P-N 
Transistor Array 

For Low-Power Applications at Frequencies up 

Features: 

■ Gain-Bandwidth Product (f j) > 1 GHz 

■ Power Gain = 30 dB (typ.) at 100 MHz 

■ Noise Figure = 3.5 dB (typ.) at 100 MHz 

■ Five independent transistors on a common substrate 


Applications: 

■ VHF amplifiers 

■ VHF mixers 

_ ■ Multifunction combinations — RF/mixer/oscillator 

500MHZ ■ I F Converter 

■ IF amplifiers 

■ Sense amplifiers 

■ Synthesizers 

■ Synchronous detectors 

■ Cascade amplifiers 



Fig. 1— Schematic diagram of CA3127E. 


RCA-CA3127E consists of five general-purpose silicon n-p-n 
transistors on a common monolithic substrate. Each of the 
completely isolated transistors exhibits low 1/f noise and a 
value of fj in excess of 1 GHz, making the CA3127E useful 
from dc to 500 MHz. Access is provided to each of the 
terminals for the individual transistors and a separate substrate 
connection has been provided for maximum application flexi- 
bility. The monolithic construction of the CA3127E provides 
close electrical and thermal matching of the five transistors. 
The CA3127E is supplied in a 16-lead dual-in-line plastic 
package and operates over the full military temperature range 
of -55 to +125°C. 


MAXIMUM RATINGS, Absolute-Maximum Values , 


at T a = 25°C 

POWER DISSIPATION, P D : 

Any one transistor 85 mW 

Total Package: 

For T A up to 75°C 425 mW 

For T A >75°C Derate Linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating -55to+125°C 

Storage — 65 to +150 C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) 

from case for 10 seconds max +265 C 


The following ratings apply for each transistor in the device. 


Collector-to-Emitter Voltage, Vq^q 15 V 

Collector-to-Base Voltage, V^gg 20 V 

Collector-to-Substrate Voltage, Vgig* 20 V 

Collector Current, lg 20 mA 


*The collector of each transistor of the CA3127E is isolated from the 
substrate by an integral diode. The substrate (terminal 5) must be 
connected to the most negative point in the external circuit to main- 
tain isolation between transistors and to provide for normal transistor 
action. 


CHARACTERISTICS CURVES 
COMMON-EMITTER CONFIGURATION 




STATIC ELECTRICAL CHARACTERISTICS at T A « 25°C 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 





Min. 

Typ. 

Max. 


For Each Transistor: | 

Collector-to-Base 

Breakdown Voltage 

V (BR)CBO 

l c = 10 ^A 

0 

11 

_LU 

20 

32 

- 

V 

Collector-to-Emitter 

Breakdown Voltage 

V (BR)CEO 

lg = 1 mA, 

l B =0 

15 

24 

- 

V 

Col lector-to-Substrate 
Breakdown Voltage 

V (BR)CIO 

1 c i * 10 ^A, lg = 0, 

I E =0 

20 

60 

- 

V 

Emitter-to-Base 

Breakdown Voltage* 

V (BR)EB0 

l E = 10 mA, i c = 0 

4 

5.7 

- 

V 

Col lector-Cutoff -Current 

'CEO 

v C e = iov.i b = o 

- 

- 

0.5 

mA 

Col lector-Cutoff -Current 

'CBO 

V cb = 1 0V.Ie=0 

- 

- 

40 

nA 

DC Forward-Current 



lg * 5 mA 

35 

88 

- 


h FE 

V CE = 6V 

lg - 1 mA 

40 

90 

- 





lg = 0.1 mA 

35 

85 

- 





lg = 5 mA 

0.71 

0.81 

0.91 


Base-to-Emitter Voltage 

< 

00 

m 

V ce = 6V 

lg = 1 mA 

0.66 

0.76 

0.86 

V 




lg = 0.1 mA 

0.60 

0.70 

0.80 


Collector-to-Emitter 

Saturation Voltage 

v CE(sat) 

lg = 10 mA, lg = 1 mA 

- 

0.26 

0.50 

V 

Magnitude of Difference 
inV BE 

¥ 

00 

m 

Ql & Q 2 Matched 

- 

0.5 

5 

mV 

Magnitude of Difference 
in l B 

I Ai bI 

V CE = 6V, lg - 1 mA 

1 

0.2 

3 

mA 


*When used as a zener for reference voltage, the device must not be subjected to more than 0.1 millijoule of energy from any possible 
capacitive or electrostatic discharge in order to prevent degradation of the junction. Maximum operating zener current should be less than 10 mA. 


DYNAMIC CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 


LIMITS 

UNITS 




Fig. No. 

Min. 

Typ. 

Max. 


l/F Noise Figure 

NF 

f = 100 kHz, R s = 500n 
lg = 4 mA 

2 

- 

1.8 

- 

dB 

Gain-Bandwidth Product 

f T 

V CE = 6V, | c = 5mA 

4 

- 

1.15 

- 

GHz 

Collector-to-Base Capacitance 

CO 

O 

u 

v CB = 6V, f = 1 MHz 

5 

- 

See 

- 

PF 

Collector-to-Substrate Capacitance 

C CI 

Vg| = 6 V. f = 1 MHz 

5 

- 

Fig. 

- 

pF 

Emitter-to-Base Capacitance 

C EB 

V be = 4 V, f = 1 MHz 

5 

- 

5 

- 

PF 

Voltage Gain 

A 

V CE = 6V * f = 10 MHz 

R l = 1 Kfl, lg = 1 mA 

6, 18 

- 

28 

- 

dB 

Power Gain 

G P 

Cascode Configuration 
f « 100 MHz, V + = 12 V 

19, 20 

27 

30 

- 

dB 

Noise Figure 

NF 

lg = 1 mA 

19, 20 

- 

3.5 

- 

dB 

Input Resistance 

iy g11 

Common-Emitter 

10 

- 

400 



- 

« 

Output Resistance 

i; g22 

Configuration 

12 

- 

4.6 

- 

kn 

Input Capacitance 

C 11 

V ce = 6V 

10 

1 

- 

3.7 

- 

pF 

Output Capacitance 

C 22 

Ic “ 1 mA 

12 

- 

2 

- 

PF 

Magnitude of Forward Transadmittance 

M 

f = 200 MHz 

14, 15 

- 

24, 

- 

mmho 
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AMBIENT TEMPERATURE (T A )«25*C 
I COLLECTOR- TO-EMITTER VOLTAGE (V CE )«6V 



COLLECTOR CURRENT (I C ) — mA 

92CS-222IS 

Fig. 4 — Gain-bandwidth product vs. collector current. 



92CS-222I6 

Fig. 5(a) — Capacitance vs. bias voltage for Qjj. 




0.190 0.090 0.125 0.365 0.610 0.475 

0.170 0.225 0.265 0.130 0.360 0.085 

0.200 0.215 0.240 0.360 0.625 0.210 

0.190 0.225 0.270 0.365 0.610 0.085 

0.166 0.095 0.115 0.140 0.365 0.090 


Fig. 5(b) — Typical capacitance values at f= 1 MHz. Three terminal 
measurement. Guard all terminals except those under test. 


40 AMBIENT TEMPERATURE (T a )=25*C 

COLLECTOR -TO-EMITTER VOLTAGE (V CE ) *6 V 
35 LOAD RESISTANCE (Rj«lOOfl 
FOR TEST CIRCUIT SEE FIG. 20 


1001 AMBIENT TEMPERATURE (T A )*Z5*C 

COLLECTOR-TO-EMITTER VOLTAGE (V CE )«6V 



Fig. 12 — Output admittance (Y 2 ^ vs - frequency. 


COLLECTOR CURRENT (I c )— mA 


Fig. 13— Output admittance (Y 22 } vs - collector current. 


92CS-2222S 

Fig. 14 - Forward transadmittance ( Y 21 ) vs. collector current 
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Fig. 1 5 — Forward transadmittance (Y 21 ) vs- frequency. 


Fig. 16 — Reverse transadmittance (Yj^ vs ~ collector current. 


Fig. 17 — Reverse transadmittance (Yj^ vs. frequency. 


TEST CIRCUITS 




Fig. 20 — Block diagrams of power-gain and noise-figure test set-ups. 
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CA3128Q Preliminary Data 
TV Chroma Processor for PAL Systems 


The RCA-CA3128Q is a monolithic silicon integrated circuit 
designed primarily for PAL chroma processing applications in 
color TV receivers. For a circuit description of the CA3128Q 
and an explanation of this device in PAL systems, refer to "A 
New Chroma Processing 1C Using Sample -and-Hold Techniques" 
by L. A. Harwood (ST6144). 


MAXIMUM RATINGS, Absolute-Maximum Values at T A - 25° C 

DC SUPPLY VOLTAGE (Between Terms. 12 and 5) 

DC VOLTAGE (Term. 9): 

Positive Value 

Negative Value 

DEVICE DISSIPATION: 


AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 

At a distance not less than 1/32" (0.79 mm) from case for 10 seconds max 

TYPICAL STATIC CHARACTERISTICS at T A = 25°C: 

DC Supply Current (l^with Vj 2 = 1 1.2 V dc 

TYPICAL DYNAMIC CHARACTERISTICS at T A = 25° C with a Burst-to-Chroma Ratio of 46.5%: 

100% Chroma Output Voltage at V) (p_ p ) = 0.5 V 

Oscillator- Level Output Voltage 

Killer Threshold Input Voltage 

Pull-in Frequency 

PAL Identification Output Voltage 


Features: 

■ Phase-locked subcarrier regeneration 
utilizes sample-and-hold techniques in 
the automatic frequency phase control 
(AFPC) servo loop 

■ Automatic chrominance control (ACC)/ 
killer detector employs sample-and-hold 
techniques 

■ Supplementary ACC with an overload 
detector to prevent oversaturation of 
the picture tube 

■ Sinusoidal subcarrier output 

■ Keyed chroma output 

■ Emitter-follower buffered outputs for 
low output impedance 

■ Linear dc saturation control 

■ PAL identification output 

■ Only the initial crystal filter tuning is required ... no killer 
and ACC adjustments required at any time 

■ Few external components required 

■ Compensation for temperature and supply variations 

■ All terminals protected against short circuits 


25 

mA 

3.5 

Vp-p 

1 

Vp-p 

0.018 

Vp-p 

500 

Hz 

1 

Vp-p 


Up to T a = 55° C . 
Above T A = 55°C . 


13.2 


+3 

-5 


750 mW 

derate linearly at 7.9 mW/°C 


—40 to +85 
-65 to +150 


+265 
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CA3130, CA3130A, CA3130B Types 
COS/MOS Operational Amplifiers 

With MOS/FET Input 


RCA-CA3130T, CA3130S, CA3130AT, CA3130AS, CA- 
3130BT, and CA3130BS are integrated-circuit operational 
amplifiers that combine the advantages of both COS/MOS and 
bipolar transistors on a monolithic chip. 

Gate-protected p-channel MOS/FET (PMOS) transistors are 
used in the input circuit to provide very-high-input impedance, 
very-low-input current, and exceptional speed performance. The 
use of PMOS field-effect transistors in the input stage results in 
common-mode input-voltage capability down to 0.5 volt below 
the negative-supply terminal, an important attribute in single- 
supply applications. 

A complementary-symmetry MOS (COS/MOS) transistor pair, 
capable of swinging the output voltage to within millivolts of 
either supply-voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 

The CA3130 Series circuits operate at supply voltages ranging 
from 5 to 1 6 volts, or ±2.5 to ±8 volts when using split supplies. 
They can be phase compensated with a single external capacitor, 
and have terminals for adjustment of offset voltage for appli- 
cations requiring offset-null capability. Terminal provisions 
are also made to permit strobing of the output stage. 
The CA3130 Series is supplied in either the standard 8-lead 
TO-5-style package (T suffix) or in the 8-lead dual-in-line 
formed-lead TO-5-style package "DIL-CAN" (S suffix) and 
operates over the full military-temperature range of — 55°C to 
+125°C. The CA3130B is intended for applications requiring 
premium-grade specifications and with limits established for: 
input current, temperature coefficient of input-offset voltage, 
and gain over the range of — 55°C to +125°C. The CA3130A 
offers superior input characteristics over those of the CA3130. 


Features: 

■ MOS/FET input stage provides: 

very hijfi Z, = 1.5 T£2 (1.5 x 10 12 £2) typ. 
very low lj = 5 pA typ. at 15 V operation 
2 pA typ. at 5 V operation 

■ Common-mode input-voltage range includes ^ 

negative supply rail; input terminals can 
be swung 0.5 V below negative supply rail 

■ COS/MOS output stage permits signal swing 

to either (or both) supply rails J 

■ Low Vj 0 : 2 mV max. (CA3130B) 

■ Wide BW: 15 MHz typ. (unity-gain crossover) 

■ High SR: 10 V/jtt$ typ. (unity-gain follower) 

■ High output current (I q): 20 mA typ. 

■ High Aql- 320,000 (110 dB) typ. 

■ Compensation with single external capacitor 

Applications: 

■ Ground-referenced single-supply amplifiers 

■ Fast sample-hold amplifiers 

■ Long-duration timers/monostables 

■ High -input-impedance comparators 

(ideal interface with digital COS/MOS) 

■ High-input-impedance wideband amplifiers 

■ Voltage followers 

(e.g., follower for single-supply D/A converter) 

■ Voltage regulators 

(permits control of output voltage down to zero volts) 

■ Peak detectors 

■ Single-supply full-wave precision rectifiers 

■ Photo-diode sensor amplifiers 


Ideal for 

single-supply 

applications 



DIODES D5 THROUGH D8 PROVIDE GATE-OXIDE PROTECTION 
FOR MOS/FET INPUT STAGE. 


Fig. 2— Schematic diagram of the CA3130 Series. 


92CL-247I4 



Fig. 1— Functional diagram of the CA3130 Series. 
MAXIMUM RATINGS. Absolute-Maximum Values 
DC SUPPLY VOLTAGE 

(BETWEEN V + AND V - TERMINALS) 16V 

DIFFERENTIAL-MODE INPUT VOLTAGE ±8V 

COMMON-MODE DC INPUT VOLTAGE V + to (V-0.5 V) 

INPUT-TERMINAL CURRENT 1mA 

DEVICE DISSIPATION: 

WITHOUT HEAT SINK- 

UP TO 55°C 630 mW 

ABOVE 55°C Derate linearly 6.67 mW/°C 

WITH HEAT SI NK- 

AT125°C 418 mW 

BELOW 125°C L Increase linearly at 16.7 mW/°C 

TEMPERATURE RANGE: 

OPERATING —55 to +125°C 

STORAGE —65 to +150°C 

OUTPUT SHORT-CIRCUIT DURATION* INDEFINITE 

LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1/16 ± 1/32 INCH (1.59 ±0.79 MM) 

FROM CASE FOR 10 SECONDS MAX +266°C 

•Short circuit may be applied to ground or to either supply. 

CIRCUIT DESCRIPTION 

Fig. 3 is a block diagram of the CA3130 Series COS/MOS 
Operational Amplifiers. The input terminals may be operated 
down to 0.5 V below the negative supply rail, and the output 
can be swung very close to either supply rail in many appli- 
cations. Consequently, the CA3130 Series circuits are ideal for 
single-supply operation. Three Class A amplifier stages, having 
the individual gain capability and current consumption shown 
in Fig. 3, provide the total gain of the CA3130. A biasing 
circuit provides two potentials for common use in the first and 
second stages. Term. 8 can be used both for phase com- 
pensation and to strobe the output stage into quiescence. When 
Term. 8 is tied to the negative supply rail (Term. 4) by 
mechanical or electrical means, the output potential at Term. 6 
essentially rises to the positive supply-rail potential at Term. 7. 
This condition of essentially zero current drain in the output 
stage under the strobed "OFF" condition can only be achieved 
when the ohmic load resistance presented to the amplifier is 
very high (e.g., when the amplifier output is used to drive 
COS/MOS digital circuits in comparator applications). 

Input Stages— The circuit of the CA3130 is shown in Fig. 2. 
It consists of a differential -input stage using PMOS field-effect 
transistors (Q6, Q7) working into a mirror-pair of bipolar 
transistors (Q9, Q10) functioning as load resistors together with 
resistors R3 through R6. The mirror-pair transistors also func- 
tion as a differential-to-single-ended converter to provide base 
drive to the second-stage bipolar transistor (Q11). Offset 
nulling, when desired, can be effected by connecting a 
100,000-ohm potentiometer across Terms. 1 and 5 and the 
potentiometer slider arm to Term. 4. Cascode-connected PMOS 



IS +7.5 V ABOVE TERM. 4. 

^ WITH OUTPUT TERMINAL DRIVEN TO EITHER SUPPLY RAIL. 


92CS-247I5 

Fig. 3-Block diagram of the CA3 130 Series. 
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CA3130, CA3130A, CA3130B Types 


transistors Q2, 04 are the constant-current source for the input 
stage. The biasing circuit for the constant-current source is 
subsequently described. The small diodes D5 through D8 provide 
gate-oxide protection against high-voltage transients, e.g. 
including static electricity during handling for Q6 and Q7. 

Second Stage— Most of the voltage gain in the CA3130 is 
provided by the second amplifier stage, consisting of bipolar 
transistor Q11 and its cascode-connected load resistance pro- 
vided by PMOS transistors Q3 and Q5. The source of bias 
potentials for these PMOS transistors is subsequently described. 
Miller-Effect compensation (roll-off) is accomplished by simply 
connecting a small capacitor between Terms. 1 and 8. A 47- 
picofarad capacitor provides sufficient compensation for stable 
unity-gain operation in most applications. 



Fig. 4-Open-loop voltage gain and phase shift vs. frequency 
for various values of C^, Cq, and Rj_. 


Bias-Source Circuit— At total supply voltages, somewhat above 
8.3 volts, resistor R2 and zener diode Z1 serve to establish a 
voltage of 8.3 volts across the series-connected circuit, con- 
sisting of resistor R1, diodes D1 through D4, and PMOS 
transistor Q1. A tap at the junction of resistor R1 and diode D4 
provides a gate-bias potential of about 4.5 volts for PMOS 
transistors Q4 and Q5 with respect to Term. 7. A potential of 
about 2.2 volts is developed across diode-connected PMOS 
transistor Q1 with respect to Term. 7 to provide gate bias for 
PMOS transistors 02 and 03, It should be noted that 01 is 
"mirror-connected"* to both Q2 and Q3. Since transistors Q2 
and Q3 are twice the size of Q1, the approximate 100-micro- 
ampere current in Q1 establishes 200-microampere "mirrored" 
currents in Q2 and Q3 as constant-current sources for the first 
and second amplifier stages, respectively. 

At total supply voltages somewhat less than 8.3 volts, zener 
diode Z1 becomes non-conductive and the potential, developed 
across series-connected R1, D1-D4, and Q1, varies directly with 
variations in supply voltage. Consequently, the gate bias for 
Q4, Q5 and Q2, Q3 varies in accordance with supply-voltage 
variations. This variation results in deterioration of the power- 
supply-rejection ratio (PSRR) at total supply voltages below 
8.3 volts. Operation at total supply voltages below about 4.5 
volts results in seriously degraded performance. 

Output Stage-The output stage consists of a drain-loaded 
inverting amplifier using COS/MOS transistors operating in the 
Class A mode. When operating into very high resistance loads, 
the output can be swung within millivolts of either 
supply rail. Because the output stage is a drain-loaded ampli- 
fier, its gain is dependent upon the load impedance. The 
transfer characteristics of the output stage for a load returned 
to the negative supply rail are shown in Fig. 6. Typical op-amp 


loads are readily driven by the output stage. Because large- 
signal excursions are non-linear, requiring feedback for good 
waveform reproduction, transient delays may be encountered. 
As a voltage follower, the amplifier can achieve 0.01 per cent 
accuracy levels, including the negative supply rail. 



Fig. 5— Open-loop gain vs. temperature. 

*For general information on the characteristics of COS/MOS 
transistor pairs in linear-circuit applications, see File No. 619, 
data bulletin on CA3600E "COS/MOS Transistor Array." 
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Fig. 6— Voltage transfer characteristics of COS/MOS output stage. 
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Fig. 7— Quiescent supply current vs. supply voltage. 


ELECTRICAL CHARACTERISTICS - For Equipment Design 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

CA3130B 

CA3130A 

CA3130 

UNITS 

FIG. 

NO. 

V + =15 V 

v -=ov 

T A =25°C 

(Unless 

Specified 

Otherwise) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input Offset Voltage 

l v iol 

V~=±7.5 V 

- 

0.8 

2 

- 

2 

5 

- 

8 

15 

mV 

- 

Input Offset Current 

l««oi 

V ± =±7.5 V 

- 

0.5 

10 

- 

0.5 

20 

- 

0.5 

30 

pA 

- 

Input Current 

'I 

V^+7.5 V 

- 

5 

20 

- 

5 

30 

- 

5 

50 

pA 

- 

Large-Signal Voltage 
Gain 

a ol 

v 0 =iov p . p 

Rj_=2 kO 

100 k 

320 k 

- 

50 k 

320 k 

- 

50 k 

320 k 

- 

v/v 

4,5 

100 

110 

- 

94 

110 

- 

94 

no 

- 

dB 

Common-Mode 
Rejection Ratio 

CMRR 


86 

100 

- 

80 

90 

- 

70 

90 

- 

dB 

- 

Common-Mode 

Input-Voltage 

Range 

V ICR 


0 

-0.5 

to 

12 

10 

0 

-0.5 

to 

12 

10 

0 

-0.5 

to 

12 

10 

V 

- 

Power-Supply 
Rejection Ratio 

AV,q/AV + 

^=± 7.5 V 

- 

32 

100 

- 

32 

150 

- 

32 

320 

AiV/V 

- 

AV| 0 /AV- 

- 

32 

100 

- 

32 

150 


32 

320 

Maximum Output 
Voltage 

W 

R L =2 k!2 

12 

13.3 

- 

12 

13.3 

- 

12 

13.3 

- 

V 

9 

V 0M~ 

- 

0.002 

0.01 

- 

0.002 

0.01 

- 

0.002 

0.01 

10 

IWI 

R l =<» 

14.99 

15 

- 

14.99 

15 

- 

14.99 

15 

- 

9 

I v om“I 

- 

0 

0.01 

- 

0 

0.01 

- 

0 

0.01 

10 

Maximum Output 
Current: 

Source 

1 + 
'OM 

v 0 =ov 

12 

22 

45 

12 

22 

45 

12 

22 

45 

mA 

9 

Sink 

'0M~ 

V 0 =15 V 

12 

20 

45 

12 

20 

45 

12 

20 

45 

10 

Supply Current 

l + 

Vq=7.5 V 
r l =o ° 

- 

10 

15 

- 

10 

15 

- 

10 

15 

mA 

7,8 

v 0 =o V 

r l =~ 

- 

2 

3 

- 

2 

3 

- 

2 

3 

Input Current 

'l 

T a =-55 
to 125°C 
^=±7.5^ 

V O =10Vp. p ‘ 

R L =2kfi * 

- 

Fig- 

11 

15 

- 

Fig. 

11 

— 


Fig. 

11 

— 

nA 

— 

Input Offset Volt- 
age Temperature 
Drift 

AV 10 /AT 

- 

5 

15 

- 

10 

- 

- 

10 

- 

mv/°c 

- 

Large-Signal Voltage 
Gain 

Aol 

50 k 

320 k 

- 

- 

320 k 

- 

- 

320 k 

- 

V/V 

5 

94 

110 

- 

- 

110 

“ 

- 

110 

- 

dB 


* Applies only to Aq|_. 

A Appl ies only to 1 1 and A V ( q/ A T. 
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Fig. 8— Quiescent supply current vs. supply voltage 
at several temperatures. 
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Fig. 9- Voltage across PMOS output transistor ( Q8 ) vs. load current. 


TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 


CHARACTERISTIC 

SYMBOL 

Test 

CONDITIONS 

CA3130B 

CA3130A 

CA3130 

UNITS 

FIG. 

NO. 

V + =+7.5 V 

V~ =— 7.5 V 
T a = 25°C * 
(Unless 
Specified 
Otherwise) 

Input Offset Voltage 

Adjustment Range 


10 k£2 across 
Terms. 4 and 5 

or 4 and 1 

±22 

±22 

±22 

mV 

- 

Input Resistance 

R l 


1.5 

1.5 

1.5 

TO 

- 

Input Capacitance 

C| 

f = 1 MHz 

4.3 

4.3 

4.3 

pF 

- 

Equivalent Input Noise 

e n 

BW=0.2 MHz 

R s =1 M£2 # 

23 

23 

23 

MV 

14 

Unity Gain Crossover 

Frequency 

f T 

n 

o 

ii 

o 

15 

15 

15 

MHz 

4,15 

C C =47 pF 

4 

4 

4 

Slew Rate: 

Open Loop 

SR 

o 

o 

O 

30 

30 

30 

V/ps 

- 

Closed Loop 

C c = 56 pF 

10 

10 

10 

15 

Transient Response: 

Rise Time 

V 

C C = 56 pF 

C L = 25 pF 

Rj_ = 2 k£2 
(Voltage 

Follower) 

0.09 

0.09 

0.09 

MS 

15 

Overshoot 


10 

10 

10 

% • 

15 

Settling Time (4 Vp-p Input 
to <0.1%) 

1.2 

1.2 

1.2 

MS 

15 


Although a 1-Mfi source is used for this test, the equivalent input noise remains constant for sources of Rg up to 10 Mfi. 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

CA3130B 

CA3130A 

CA3130 

UNITS 

FIG. 

NO. 

V + = 5 V 

V“ = 0V 

T a * 25°C 
(Unless 
Specified 
Otherwise) 

Input Offset Voltage 

v IO 


1 

2 

8 

mV 

El 

Input Offset Current 

*10 


o.i 

0.1 

0.1 

pA 

HU 

Input Current 

•l 


2 

2 

2 

pA 

El 

Common-Mode Rejection Ratio 

CMRR 


100 

90 

80 

dB 


Large-Signal 

Voltage Gain 

Aol 

V 0 = 4 Vp-p 

R|_ = 5 kJ2 

100 k 

100 k 

100k 


El 

100 

100 

100 

dB 

n 

Common-Mode 

Input Voltage Range 

V ICR 


0 to 2.8 

0 to 2.8 

0 to 2.8 

V 

B 

Supply Current 

1+ 

Vq = 5 V,R|_= 00 

300 

300 

300 

ma 

7.8 

V 0 =2.5 V,R l =« 

500 

500 

500 

Power Supply 

Rejection Ratio 

AV, 0 /AV + 


200 

200 

200 

mv/v 

- 
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Fig. 10— Voltage across NMOS output transistor (Q12) vs. load current. 

HANDLING AND OPERATING CONSIDERATIONS 
Handing Considerations 

The CA3130 uses MOS field-effect transistors in the input 
circuit. Because MOS/FET's have extremely high input resist- 
ances, they are susceptible to damage when exposed to 
extremely high static electrical charges. To minimize the 
possibilities of damaging the input stage transistors, Q6 and Q7, 
the CA3130 utilizes a protective diode network in the input 
stage. Nevertheless, it is good practice that the following 
precautions be observed during handling, testing, and actual 
operation of the CA3130 devices to minimize exposure to 
damage-inducing hazards: 

1. Soldering-iron tips, metal parts of fixtures, tools, and 
handling facilities should be grounded. 

2. Devices should not be inserted into or removed from 
circuits with the power ON because transient voltages may 
cause damage. 

3. Signals should not be applied to the input (Terms. 2 and 3) 
when the device power supply is OFF. Input-terminal 
currents should not exceed 1 mA. 

4. After CA3130 devices have been mounted on circuit boards, 
proper handling precautions should still be observed if the 
input terminals are unterminated. It is good practice during 
board-processing operations to return Terms. 2 and 3 to 
Term. 4 by jumping the appropriate conductors. 

Offset Nulling 

Offset-voltage nulling is usually accomplished with a 100,000- 
ohm potentiometer connected across Terms. 1 and 5 and with 
the potentiometer slider arm connected to Term. 4. A fine 
offset-null adjustment usually can be effected with the slider 
arm positioned in the mid-point of the potentiometer's total 
range. 

Input-Current Variation with Temperature ^ 

The input current of the CA3130 Series circuits is typically 
5 pA at 25°C. The major portion of this input current is due to 
leakage current through the gate-protective diodes in the input 
circuit. As with any semiconductor-junction device, including 
op amps with a junction-FET input stage, the leakage current 
approximately doubles for every 10°C increase in temperature. 
Fig. 11 provides data on the typical variation of input bias 
current as a function of temperature in the CA3130. 



282 





































LINEAR INTEGRATED CIRCUITS 


CA3130, CA3130A, CA3130B Types 


In applications requiring the lowest practical input current and 
incremental increases in current because of "warm-up" effects, 
it is suggested that an appropriate heat sink be used with the 
CA3130. In addition, when "sinking" or "sourcing" significant 
output current the chip temperature increases, causing an 
increase in the input current. In such cases, heat-sinking can 
also very markedly reduce and stabilize input current variations. 

Input-Offset-Voltage (Vjq) Variation with DC Bias vs. Device 
Operating Life 

It is well known that the characteristics of a MOS/FET device 
can change slightly when a dc gate-source bias potential is 
applied to the device for extended time periods. The magnitude 
of the change is increased at high temperatures. Users of the 
CA3130 should be alert to the possible impacts of this effect if 
the application of the device involves extended operation at 
high temperatures with a significant differential dc bias 
voltage applied across Terms. 2 and 3. Fig. 12 shows typical 
data pertinent to shifts in offset voltage encountered with 
CA3130 devices during life testing. The two-volt dc differential 
voltage example represents conditions when the amplifier 
output stage is "toggled", e.g., as in comparator applications. 



Fig. 12— Typical incremental offset-voltage shift vs. operating life. 


Power-Supply Considerations 

Because the CA3130 is very useful in single-supply applications, 
it is pertinent to review some considerations relating to power- 
supply current consumption under both single and dual-supply 
service. Figs. 13a and 13b show the CA3130 connected for 
both dual- and single-supply operation. 

Dual-supply operation: When the output voltage at Term. 6 is 
zero-volts, the currents supplied by the two power supplies are 
equal. When the gate terminals of Q8 and Q12 are driven 
increasingly positive with respect to ground, current flow 
through Q12 (from the negative supply) to the load is increased 
and current flow through Q8 (from the positive supply) de- 
creases correspondingly. When the gate terminals of Q8 and 
Q12 are driven increasingly negative with respect to ground, 
current flow through 08 is increased and current flow through 
Q12 is decreased accordingly. 


Single-supply operation: Initially, let it be assumed that the 
value of R |_ is very high (or disconnected), and that the input- 
terminal bias (Terms. 2 and 3) is such that the output 
terminal (No. 6) voltage is at V + /2, i.e., the voltage-drops 
across Q8 and Q12 are of equal magnitude. Fig. 7 shows 
typical quiescent supply-current vs. supply -voltage for the 
CA3130 operated under these conditions. Since the output 
stage is operating as a Class A amplifier, the supply-current 
will remain constant under dynamic operating conditions as 
long as the transistors are operated in the linear portion of 
their voltage-transfer characteristics (see Fig. 6). if either 08 
or Q12 are swung out of their linear regions toward cut-off (a 
non-linear region), there will be a corresponding reduction in 
supply-current. In the extreme case, e.g., with Term. 8 swung 
down to ground potential (or tied to ground), NMOS 
transistor Q12 is completely cut off and the supply-current to 
series-connected transistors Q8, Q12 goes essentially to zero. 
The two preceding stages in the CA3130, however, continue to 
draw modest supply-current (see the lower curve in Fig. 7) 
even though the output stage is strobed off. Fig. 13a shows a 
dual-supply arrangement for the output stage that can also be 
strobed off, assuming Rl = °°, by pulling the potential of 
Term. 8 down to that of Term. 4. 

Let it now be assumed that a load-resistance of nominal value 
(e.g., 2 kilohms) is connected between Term. 6 and ground in 
the circuit of Fig. 13b. Let it further be assumed again that the 
input-terminal bias (Terms. 2 and 3) is such that the output 
terminal (No. 6) voltage is at V + /2. Since PMOS transistor Q8 
must now supply quiescent current to both R|_ and transistor 
Q12, it should be apparent that under these conditions the 
supply-current must increase as an inverse function of the Rl 
magnitude. Fig. 9 shows the voltage-drop across PMOS tran- 
sistor Q8 as a function of load current at several supply- 
voltages. Fig. 6 shows the voltage-transfer characteristics of the 
output stage for several values of load resistance. 


Wideband Noise 

From the standpoint of low-noise performance considerations, 
the use of the CA3130 is most advantageous in applications 
tivhere in the source resistance of the input signal is in the order 
of 1 megohm or more. In this case, the total input-referred 
noise voltage is typically only 23 /iV when the test-circuit 
amplifier of Fig. 14 is operated at a total supply voltage of 15 
volts. This value of total input-referred noise remains essen- 
tially constant, even thou^i the value of source resistance is 
raised by an order of magnitude. This characteristic is due to 
the fact that reactarice of the input capacitance becomes a 
significant factor in shunting the source resistance. It should be 
noted, however, that for values of source resistance very much 
greater than 1 megohm, the total noise voltage generated can 
be dominated by the thermal noise contributions of both the 
feedback and source resistors. 


-r* 



T* POSITIVE 
i SUPPLY 
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+7.5 V 



Fig. 14— Test-circuit amplifier (30^B gain) used for wideband 
noise measurements. 



Top Trace: Output 
Bottom Trace: Input 


(a) Small-signal response (50 mV/div. and 200 ns/div.) 



Top Trace: Output signal (2 V/div. and 5/xs/div.) 

Center Trace: Difference signal (5 mV/div. and 5 /is/div.) 
Bottom Trace: Input signal (2 V/div. and 5 fx s/div.) 


(b) Input-output difference signal showing settling time 
(Measurement made with Tektronix 7A13 differential 
amplifier) 
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+75 V 



Fig. 13—CA3130 output stage in dual and single power-supply operation. 


Fig. 15— Split-supply voltage follower with associated waveforms. 
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TYPICAL APPLICATIONS 
Voltage Followers 

Operational amplifiers with very high input resistances, like the 
CA3130, are particularly suited to service as voltage followers. 
Fig. 15 shows the circuit of a classical voltage follower, 
together with pertinent waveforms using the CA3130 in a 
split-supply configuration. 

A voltage follower, operated from a single supply, is shown in 
Fig. 16, together with related waveforms. This follower circuit 
is linear over a wide dynamic range, as illustrated by the 
reproduction of the output waveform in Fig. 16a with input- 
signal ramping. The waveforms in Fig. 16b show that the 
follower does not lose its input-to-output phase-sense, even 
though the input is being swung 7.5 volts below ground 
potential. This unique characteristic is an important attribute 
in both operational amplifier and comparator applications. 
Fig. 16b also shows the manner in which the COS/MOS output 
stage permits the output signal to swing down to the negative 
supply-rail potential (i.e., ground in the case shown). The 
digital-to-analog converter (DAC) circuit, described in the 
following section, illustrates the practical use of the CA3130 
in a single-supply voltage-follower application. 



Top Trace: Output <5 V/div. and 200 jis/div.) 
Bottom Trace: Input (5 V/div. and 200 /is/div.) 

(a) Output-waveform with input-signal ramping 
(2 V/div. and 500 pis/div.) 



(b) Output-waveform with ground-reference sine-wave input 

92CS-24728 

+15 V 



Fig. 16— Single-supply voltage- follower with associated waveforms, 
fe.g., for use in single-supply D/A converter; see Fig. 9 
in ICAN-6080). 



A FOR DATA, SEE BULLETIN FILE NO. 491 
* FOR DATA, SEE BULLETIN FILE NO. 479 

9 2CL - 24 729 


REQUIRED 

BIT RATIO - MATCH 

1 STANDARD 

2 ± 0 . 1 % 

3 ±0.2% 

4 ±0.4% 

5 ±0.8% 

6-9 ± I % ABS. 

ALL RESISTANCES IN OHMS 


Fig. 17— 9-bit DAC using COS/MOS digital switches and CA3130. 


9-BIT COS/MOS DAC 

A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)* 
is shown in Fig. 17. This system combines the concepts of 
multiple-switch COS/MOS IC's, a low-cost ladder network of 
discrete metal-oxide-film resistors, a CA3130 op-amp con- 
nected as a follower, and an inexpensive monolithic regulator 
in a simple single power-supply arrangement. An additional 
feature of the DAC is that it is readily interfaced with COS/MOS 
input logic, e.g., 10-volt logic levels are used in the circuit of 
Fig. 17. 

The circuit uses an R/2R voltage-ladder network, with the 
output potential obtained directly by terminating the ladder 
arms at either the positive or the negative power-supply 
terminal. Each CD4007A contains three "inverters", each 
"inverter" functioning as a single-pole double-throw switch to 
terminate an arm of the R/2R network at either the positive 
or negative power-supply terminal. The resistor ladder is an 
assembly of one per cent tolerance metal-oxide film resistors. 
The five arms requiring the highest accuracy are assembled with 
series and parallel combinations of 806,000-ohm resistors from 
the same manufacturing lot. 

A single 15-volt supply provides a positive bus for the CA3130 
follower amplifier and feeds the CA3085 voltage regulator. 
A "scale-adjust" function is provided by the regulator output 
control, set to a nominal 10-volt level in this system. The line- 
voltage regulation (approximately 0.2%) permits a 9-bit accu- 
racy to be maintained with variations of several volts in the 
supply. The flexibility afforded by the COS/MOS building 
blocks simplifies the design of DAC systems tailored to 
particular needs. 

Single-Supply, Absolute-Value, Ideal Full-Wave Rectifier 

The absolute-value circuit using the CA3130 is shown in Fig. 18. 
During positive excursions, the input signal is fed through the 
feedback network directly to the output. Simultaneously, the 
positive excursion of the input signal also drives the output 
terminal (No. 6) of the inverting amplifier in a negative-going 
excursion such that the 1N914 diode effectively disconnects 
the amplifier from the signal path. During a negative-going 


‘"Digital -to- Analog Conversion Using the RCA-CD4007A 
COS/MOS 1C," Application Note ICAN-6080. 



Top Trace: Output signal (2 V/div.) 
Bottom T race: I nput signal ( 1 0 V/div.) 
Time base on both traces: 0.2 ms/div. 
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R3 ‘ 4kft (i rr)* 6ka 

20 V p-p INPUT: BW(-3dB) * 230 kHz, DC OUTPUT (AVG.) • 3.2 V 
I VOLT p -p INPUT: BW(-3dB) -130 kHz, DC OUTPUT (AVG.) - WO mV 
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Fig. 18— Single-supply, absolute-value, ideal full-wave 
rectifier with associated waveforms. 
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excursion of the input signal, the CA3130 functions as a 
normal inverting amplifier with a gain equal to — R2/R1. 
When the equality of the two equations shown in Fig. 18 is 
satisfied, the full-wave output is symmetrical. 




92CS- 24731 


Fig. 19- Peak-detector circuits. 


Peak Detectors 

Peak-detector circuits are easily implemented with the CA- 
3130, as illustrated in Fig. 19 for both the peak-positive and 
the peak-negative circuit. It should be noted that with large- 
signal inputs, the bandwidth of the peak-negative circuit is 
much less than that of the peak-positive circuit. The second 
stage of the CA3130 limits the bandwidth in this case. 
Negative-going output-signal excursion requires a positive- 
going signal excursion at the collector of transistor Q1 1, which 
is loaded by the intrinsic capacitance of the associated circuitry 
in this mode. On the other hand, during a negative-going 
signal excursion at the collector of Q1 1, the transistor functions 
in an active "pull-down" mode so that the intrinsic capacitance 
can be discharged more expeditiously. 

Error-Amplifier in Regulated Power Supplies 
The CA3130 is an ideal choice for error-amplifier service in 
regulated power supplies since it can function as an error- 
amplifier when the regulated output voltage is required to 
approach zero. Fig. 20 shows the schematic diagram of a 40-mA 
power-supply capable of providing regulated output voltage by 
continuous adjustment over the range from 0 to 13 volts. 
Q3 and Q4 in IC2 (a CA3086 transistor-array 1C) function as 
zeners to provide supply-voltage for the CA3130 comparator 
(IC1). Q1, 02, and Q5 in, IC2 are configured as a low imped- 
ance, temperature-compensated source of adjustable reference 
voltage for the error amplifier. Transistors Q1, Q2, 03, and 04 
in IC3 (another CA3086 transistor-array 1C) are connected in 
parallel as the series-pass element. Transistor Q5 in IC3 
functions as a current-limiting device by diverting base drive 
from the series-pass transistors, in accordance with the adjust- 
ment of resistor R2. 

Fig. 21 contains the schematic diagram of a regulated power- 
supply capable of providing regulated output voltage by con- 
tinuous adjustment over the range from 0.1 to 50 volts and 
currents up to 1 ampere. The error amplifier (IC1) and 
circuitry associated with IC2 function as previously described, 
although the output of IC1 is boosted by a discrete transistor 
(04) to provide adequate base drive for the Darlington- 
connected series-pass transistors Q1, 02. Transistor Q3 func- 
tions in the previously described current-limiting circuit. 



HUM AND NOISE OUTPUT . < 25 /4V UP TO 100 kHz 


Fig. 20-Voltage regulator circuit (0 to 13 V at 40 mA). 
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Fig. 21 -Voltage regulator circuit (0. 1 to 50 V at 1 A). 



0.001 pF 4 n* TO I ms 
0.01 /iF 40 fis TO 10ms 
0.1 ftF 0.4 m* TO 100 ms 
I fiF 4 ms TO I 5 

92CS- 24733 

Fig. 22— Pulse generator (astable multivibrator) with provisions 
for independent control of "ON" and "OFF" periods. 
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Multivibrators 

The exceptionally high input resistance presented by the 
CA3130 is an attractive feature for multivibrator circuit design 
because it permits the use of timing circuits with high R/C 
ratios. The circuit diagram of a pulse generator (astable multi- 
vibrator), with provisions for independent control of the 
"on" and "off" periods, is shown in Fig. 22. Resistors R1 and 
R2are used to bias the CA3130 to the mid-point of the supply- 
voltage and R3 is the feedback resistor. 


Function Generator 

Fig. 23 contains the schematic diagram of a function generator 
using the CA3130 in the integrator and threshold detector 
functions. This circuit generates a triangular or square-wave 
output that can be swept over a 1,000,000:1 range (0.1 Hz to 
100 kHz) by means of a single control, R1. A voltage-control 
input is also available for remote sweep-control. 

The heart of the frequency -determining system is an opera- 
tionai-transconductance-amplifier (OTA)*, IC1, operated as a 
voltage-controlled current-source. The output, Iq, is a current 
applied directly to the integrating capacitor, Cl, in the feed- 
back loop of the integrator IC2, using a CA3130, to provide 
the triangular-wave output. Potentiometer R2 is used to adjust 
the circuit for slope symmetry of positive-going and negative- 
going signal excursions. 

Another CA3130, IC3, is used as a controlled switch to set the 
excursion limits of the triangular output from the integrator 
circuit. Capacitor C2 is a "peaking adjustment" to optimize 
the high-frequency square-wave performance of the circuit. 

Potentiometer R3 is adjustable to perfect the "amplitude 
symmetry" of the square-wave output signals. Output from the 
threshold detector is fed back via resistor R4 to the input of 
IC1 so as to toggle the current source from plus to minus in 
generating the linear triangular wave. 


Operation with Output-Stage Power-Booster 

The current-sourcing and -sinking capability of the CA3130 
output stage is easily supplemented to provide power-boost 
capability. In the circuit of Fig. 24, three COS/MOS transistor- 
pairs in a single CA3600E* 1C array are shown parallel 
connected with the output stage in the CA3130. In the Class A 
mode of CA3600E shown, a typical device consumes 20 mA of 
supply current at 15 V operation. This arrangement boosts the 
current-handling capability of the CA3130 output stage by 
about 2.5x. 

The amplifier circuit in Fig. 24 employs feedback to establish a 
closed-loop gain of 48 dB. The typical large-signal bandwidth 
(-3 dB) is 50 kHz. 



*See File No. 475 and ICAN-6668. 



Fig. 24— COS/MOS transistor array f CA3600E ) connected as power-booster 
in the output stage of the CA3130. 
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LINEAR INTEGRATED CIRCUITS 


CA3131EM, CA3132EM Preliminary Data 


5-Watt Audio Amplifiers 

With Integral Heat Sink 

RCA-CA3131EM and CA3132EM are audio amplifiers with 
integral preamplifier stages on single integrated-circuit mono- 
lithic chips. 

Utilizing a uniquely designed package with an integral heat 
sink, these devices can provide a power-output signal in 
excess of five watts at an ambient temperature of 25°C. 
The CA3131EM employs an internal feedback network that 
sets the over-all gain of the amplifier to typically 48 dB. 

The CA3132EM omits the internal feedback network. This 
arrangement offers the circuit designer a wide latitude in the 
choice of an external feedback network more suitable to a 
specific application. 

Both types are encapsulated in a 16-lead dual-in-line plastic 
package with 4 center leads removed. 

The CA3131EM and CA3132EM are electrically equivalent to 
and pin compatible with types SN76013 and SN76023, 
respectively. 

Determining External Component Values (Refer to Figs. 2 & 3) 
The dc quiescent output voltage is set by the voltage at Terminal 
1. This voltage, in turn, is set by the internal voltage at 
Terminal 2 less l| (input current, fixed by R A + Rb- f° r 
The voltage at Terminal 2 is set slightly above half the supply 
voltage to allow for the voltage drop across R a + Rb- 
Filter RgC3 attenuates any ac ripple injected from the supply 
line and prevents positive feedback to Terminal 1. The rejection 
of supply voltage is a direct function of the filter attenuation. 
The input impedance of the audio amplifiers is a function of 
the closed-loop gain and the magnitude of the Q8 current. In 
practice the input impedance is well above 1 megohm. The 
input signal, applied through C2, sees an impedance equivalent 
to the resistance of R A connected in parallel with the ampli- 
fier input impedance. Hence, the value of R A in most cases is 
dominant in establishing the input signal impedance. 

The value of Cl depends on the regulation of the power 
supply. It is possible for the amplifier to work with a value of 
Cl as low as 0.1 pf to attenuate high-frequency signals in the 
supply line. Ideally, Cl should be placed as near Terminal 10 
as possible. An electrolytic capacitor should be used for Cl if 
the power supply is poorly regulated to avoid ripple at the 
output. 

Capacitor C6 at Terminal 15 provides over-all compensation. 
If a 1000-pF capacitor is used for C6, then the first breakpoint 
for a 46-dB closed-loop gain occurs at 200 kHz. Higher 
capacitance values will cause the constant current from Q10 
to charge C6 on the positive voltage swing and thus limit the 
slew rate at high-signal levels. Because p-n-p transistor Q19 has 
a lower gain-bandwidth product (fy) than the n-p-n transistors, 
C7 is connected to Terminal 9 to compensate for gain losses 
occurring in the negative voltage swings. 

The use of the filter networks C8 and Rq at the output 
Terminal 6 is a standard requirement for class B audio outputs 


MAXIMUM RATINGS, Absolute-Maximum Values: 


SUPPLY VOLTAGE, V + 28 V 

CONTINUOUS OUTPUT POWER, P Q (with 

R l = 8 P and V + = 24 V) 8 W RMS 

MINIMUM RECOMMENDED LOAD 

IMPEDANCE, R l 8 0 


AMBIENT OPERATING TEMPERATURE. T A 


Features: 

■ Power Output: 4W min., BWtyp. 

■ Complete amplifier including: preamplifier stages, 
power-output amplifier, and integral heat sink 

■ High power-supply rejection ratio 

■ Operating voltage: V + = 24 V tyd- 


(at 6 W RMS Output Power) 70 °C 

STORAGE TEMPERATURE RANGE -55 to +150 °C 



Fig. 1 -Terminal assignment of the CA3131 EM and CA3132EM 

driving reactive speaker loads. Capacitor C8 compensates for 
the speaker inductance and Rq limits the current surges 
through C8. 

The value of the coupling capacitor C9 to the load determines 
the low-frequency response of the amplifier. 

Closed-Loop Gain 

The closed-loop gain for either type is set by the ratio 
(Rl + R2)/R1. These resistors are included in the CA3131EM 
circuit and are external when used with the CA3132EM. In 
either type, the low-frequency value (—3 dB point) is reached 
when the impedance of C5 equals the value of R 1 . 


■ Available with internal feedback (CA3131EM) 


or without feedback (CA3132EM) 

ELECTRICAL CHARACTERISTICS at T A = 25°C, V + = 24 V 


Characteristic 

Sym- 

bol 

Conditions 

Values 

Unit 

Min. 

Typ. 

Input 

Impedance 

Z, 


200k 

- 

n 

Power Output 

p o 

At clipping onset 

4 

_ 

w 

R l = 8fi 

R l = 16 £2 

3 

- 

w 

Closed- Loop 
Gain — 

CA3131EM 

A 

f = 1 kHz 

46 

48 

dB 

Supply Current 

l + 

Zero signal 

- 

10 

mA 

Total 

Harmonic 

Distortion 

THD 

P 0 = 50 mW— 4 W, 

r l = 8 n 


1 

% 

P 0 = 50 mW— 3 W, 
R L =15ft 

_ 

1 

% 

Noise Voltage 

v n 

f=20 Hz-20 kHz 



“ 

1.5 

mV 

RMS 


R2 



Fig. 2— Schematic diagram of types CA3131EM and CA3132BM. 


92CM-24I37 



* 92CS-Z4973 

A 1000-pF capacitor is required if input has an open circuit. 

A Externa! resistors Rl and R2 are used only with the CA3132EM. When testing the CA3131EM, 
omit Rl and R2 and connect the (+) termination of C5 to Terminal 16. 

Fig. 3— Test circuit for types CA3131EM and CA3132EM. 



Fig. 4— Printed-circuit board (actual size) containing 
the test circuit, shown in Fig. 3, for the 
CA3131EM l 
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LINEAR INTEGRATED CIRCUITS 


CA3134E, CA3134EM, CA3134QM Preliminary Data 

TV Sound IF and Audio Output Subsystems 


The RCA-CA3134E, CA3134EM, and MAXIMUM RATINGS, Absolute-Maximum Values: 


CA3134QM combine the Sound IF and 
Audio Output Subsystems on a single mono- 
lithic integrated circuit to provide a Tele- 
vision Sound System. Each device includes 
a multistage IF amplifier-limiter, an FM 
detector, and an audio power amplifier that 
is designed to drive an 8-, 16-, or 
32-ohm speaker. 

The CA3134E is encapsulated in a 16-lead 
plastic "power-stud" dual-in-line package. 

This package arrangement lends itself to a 
wide variety of techniques for mounting 
heat sinks. The CA3134EM and CA3134QM 
are similar to the CA3134E except that they 
incorporate a tin-plated copper-strap heat 
sink. The CA3134QM also has quad formed 
leads and a shorter (side-length) heat sink. 
The heat sink provides a convenient means 
for directly mounting the CA3134EM or 
CA3134QM on a PC board and soldering 
the copper strap to the PC-board ground. 


DC SUPPLY VOLTAGE (Between Term. 1, 

V+ and Terms. 4, audio-output ground and 

13, substrate) 

INPUT SIGNAL VOLTAGE (Between 

Terms. 14 and 15) 

DEVICE DISSIPATION: 

With Infinite Heat Sink- 

Up to T a = 70°C 

Above T A =70°C derate linearly 

With no Heat Sink- 

Up to T A = 25°C 

Above T a = 25°C derate linearly 

With Copper-Strap Heat Sink- 
Soldered to PC Board 

Up to T A = 25°C 

Above T a = 25°C . . . .derate linearly 
Unsoldered 

Up to T A = 25°C 

Above T a = 25°C . . . .derate linearly 
THERMAL RESISTANCE 

Junction to Stud 

AMBIENT TEMPERATURE RANGE: 


CA3134E CA3134EM, CA3134QM 


33 

33 

V 

±3 

±3 

V 

6.5 


W 

83.3 

- 

mW/°C 

1.4 



W 

11.1 

— 

mW/°C 


3.9 

W 

- 

31.2 

mW/°C 



2.5 

W 


20 

mW/°C 

12 

12 

°C/W 


Features 

■ Nominal power output: 3W 

■ Power amplifier with current limiting and 

thermal shutdown 

■ Wide power-supply range: 12 V to 33 V 

■ Low quiescent current: 30 mA typ. 

■ 5-kHz deviation sensitivity: 1 W output typ. 

■ 3-dB limiting sensitivity: 200 g\f typ. 

■ Excellent AM rejection: 50 dB typ. 

■ Differential peak detector—requires one 
tuned coil 

■ Electronic volume control with improved 
taper 

■ Optional unattenuated audio output 
» Optional power-supply ripple by-pass 


Operating 

Storage 

LEAD TEMPERATURE (During Soldering): 
At a distance 1/16 in. ±1 /32 in. (1 .59 
±0.79 mm) from case for 10 seconds max. 


-40 to +85 - 
—65 to +150 ■ 


• +265 


°C 

°C 


°C 


TERMINAL I 
IDENTIFICATION 


AUDIO AMPLIFIER 
GROUND 


AUDIO AMPLIFIER /5\_ 
OUTPUT 

GROUND @ 

NO CONNECTION (D 

POWER SUPPLY /c\__ 
RIPPLE BY-PASS'^ 

AUDIO AMPLIFIER/TV— I 

INPUT W ! 

UN ATTENUATE D/pN | 
AUDIO OUTPUT V2/ I 



VOLUME CONTROL 

(J6) FOR ELECTRONIC 

ATTENUATOR 

© 


FM DETECTOR 
TUNING 


100 /iF 


QV + = 30 V 


r *> 

I 3 .6 k S 


OPTIONAL 
O UNATTENUATED 


4700 pF 


_002 


AUDIO OUTPUT 
{IF NOT USED, 
GROUND TERM. 8) 


NC l 

Cp <i). ~ 


OPTIONAL 
(BY-PASS i 

DEPENDENT 
UPON POWER i 

SUPPLY RIPPLE) | 


@ SUBSTRATE GROUND 

.— VOLUME CONTROL 

02) FOR ELECTRONIC 

ATTENUATOR 

— © 

® 

— AUDIO OUTPUT FROM 

(9) ELECTRONIC 

ATTENUATOR 


92CS-25650 



Fig. 1 


■ Terminal diagram of the CA3134E, 
CA3134EM, and CA3134QM. 


VOLUME CONTROL 
r(LINEAR TAPER) 


500 k ft 

VOLUME CONTROL 
(AUDIO TAPER) 


ALTERNATE 
VOLUME -CONTROL 
CIRCUIT 


92CS-24I35R2 


Fig. 2 — Block diagram of the CA3134 in a typical circuit application. 
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LINEAR INTEGRATED CIRCUITS 


CA3134E, CA3134EM, CA3134QM 


ELECTRICAL CHARACTERISTICS 

Test Conditions: T^ = 25°C, V + = +30 V (applied to Term. 1), DC Volume Control, 
R x = 500 k£2, R|_ = 1 6 £7, unless otherwise indicated. Refer to Fig. 2. 


CHARACTERISTIC 

SPECIAL TEST 

CONDITIONS 

NOMINAL 

VALUE 

UNITS 

Static Characteristics 

Current into Term. 1 # 

■i 

o 

ii 

O 

CL 

30 

mA 

Dynamic Characteristics 

IF AMPLIFIER: 

Input Limiting Voltage, 
V 15 (lim) 

(at -3 dB point) 

f 0 = 4.5 MHz 
f m = 400 Hz 

Af = ±25 kHz 

200 

pV 

AM Rejection, 

AMR 

f 0 = 4.5 MHz, f m = 400 Hz, 
Modulation Index = 0.3, 

V 15 = 20 mV 

50 

dB 

DETECTOR: 

Recovered af Voltage 
(Term. 9) , 

V 0 (af) 

f 0 = 4.5 MHz, f m = 400 Hz, 

Af = ±25 kHz, V 15 = lOOmV 

700 

mV 

Total Harmonic Distortion, 
(THD) 

0.8 

% 

ATTENUATOR: 

Maximum Attenuation 

R X = 0 

75* 

dB 

UNATTENUATED AUDIO: 
Recovered af Voltage 
(Term. 8), 

V 0 (af) 

Terminal 8 Load = 3.6 k£2 
f 0 =4.5MHz,f m = 400Hz, 

Af-±25kHz,V 15 =100mV 

600 

mV 

Total Harmonic Distortion (THD) 

0.8 

% 

AUDIO POWER AMPLIFIER: 
Voltage Gain, 

A(af) 

f = 1 kHz 

35 

i 

dB 

System Total Harmonic 
Distortion 

THD (System) 

Pq = 1 W (1 j = 140 mA typ.) 

Pq = 2 W (l T = 180mA typ.) 

,, 

1.6 

% 

% 

Power Output, 

Po 

THD (System) = 10% 

(1 j = 210 mA typ.) 

3* 

W 

Input Resistance, 

(R 1 (af ) 

f = 1 kHz 

100 

k£2 


* With suitable heat sink for the CA3134E. 

■ The attenuation range can be increased by substituting lower-valued resistors for the 10-kl2 
resistor in the volume-control circuit. 




LINEAR INTEGRATED CIRCUITS 


CA3137E Preliminary Data 

TV Chroma Demodulator Features: 


The RCA-CA3137E is a monolithic silicon 
integrated circuit that performs the demodu- 
lation, dynamic "flesh correction", tint con- 
trol, and chroma gain-control functions. It 
is designed to function compatibly with the 
CA3126Q Chroma Processor, and is supplied 
in the 16-lead dual-in-line plastic package. 


■ Balanced chroma demodulators 

■ Color difference matrix (6500°K) 

■ DC tint control 

■ Three low-output-impedance drivers for 

direct coupling 

■ Reference subcarrier limiter 

■ Internal RF filtering 

■ DC chroma gain control 

■ Dynamic "flesh correction" 

corrects purple and green flesh colors 
without affecting primary red, green, and 
blue colors 

■ Requires few external components 

■ No tuning adjustments are necessary 


TINT CONTROL© ' 

SAT- CONTROL © 

CHROMA INPUT© 

RF BY PASS ® 

GROUND 0 

R-Y OUTPUT © 

G-Y OUTPUT © 

8-Y OUTPUT ® 


CA3I37S 


©CARRIER INPUT 

/ns "FLESH CORRECTOR" 

O DISABLE 

® RF BY PASS 

—©CARRIER FILTER 

© B+ 

©CARRIER BUFFER 

® I? PHASE SHIFT 

— ®qI NETW0RK 


TOP 

VIEW 


92CS- 26907 


Fig. 1 — CA3137E terminal assignment. 


MAXIMUM RATINGS, Absolute-Maximum Values at T/\ = 25°C 


DC SUPPLY VOLTAGE (between Terms. 5 and 12) 13.2 V 

DEVICE DISSIPATION: 

UptoT A = 55°C. . 750 mW 

Above T A = 55°C derate linearly 7.9 mW/°C 

AMBIENT-TEMPERATURE RANGE: 

Operating -40 to +85°C 

Storage -65 to +150°C 

LEAD TEMPERATURE (During soldering): 

At distance 1/16 dz 1 /32 inch (1 .59 ± 0.79 mm) 

from case for 10 s max +265°C 



Fig.2 — DC test circuit. 


+ 112 v 



Fig. 3 - Functional diagram and typical dynamic test circuit. 
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LINEAR INTEGRATED CIRCUITS 


CA3137E 


ELECTRICAL CHARACTERISTICS AT T A = 25°C, V + = 11.2 V 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

TYP. 

VALUE 

UNITS 

STATIC (See Fig.2) 

Supply Current 

it 


35 

mA 

Reference Subcarrier Input 

Vie 


6.7 

VDC 

Oscillator Reference Inputs 

V9.V,o 


3.8 

VDC 

R-Y, G-Y, B Y Outputs 

V 6' V 7,V8 


5 

VDC 

Difference Outputs 

av 6 av 7 ,av 8 


±0.3 

AVDC 

Chroma Input 

V3 


1.2 

VDC 

| DYNAMIC (See Fig.3) 

Tint and Sensitivity 

Limiting 

Vll 

V-) 6 = 200 mV p-p @ 3.58 MH z 

300 

mVp-p 

Tint Limiting 

Vll 

V-| 0 = 800 mV p-p @ 3.58 MHz 

425 

mVp-p 

Tint Amplifier 

Phase Reference 

0 V 11 

Vi 6 -400 mV p-p, 

Term .1 -11.2 VDC 

25 

Degrees 

Tint Amplifier 

Phase Shift 

'Vll 

Vi 6 = 800 mV p-p, 

Term. 1 - 1.2 VDC 

110 

Deqrees 

Ratio G-Y to R-Y 

v 7 /v 6 

Vi 6 = 400 mV p-p, 

V 3 = 40 mV p-p 

33 

% 

Ratio B-Y to R-Y 

V 8/V 6 

120 

% 

Demodulated Chroma 

Output R-Y 

v 6 

Vi 6 = 400 mV p-p, 

V 3 = 40 mV p-p 

550 

mV p-p 

Color Difference Output 
(Bandwidth at 3 dB) 


V 3 = 40 mV p-p 

900 

kHz 

Color Difference Output: 

R-Y 

v 6 

Vi 6 = 400 mV p-p, 

V 3 = 300 mVp-p 

2.2 

Vp-p 

G-Y 

V7 

0.7 

B-Y 

V8 

2.65 

"Flesh Detector" 

Reference: 


Set-Up: 

Term. 2 = 1.6 V 

Term. 1 = 11.2 V 

Term. 16 = 400 mV p-p 
@ 0° Reference Angle 

Term. 3 = 40 mV p-p 
@ 10° Reference Angle 

Si Closed (Term.1 5 at GND) 

R 

ef. 


"Flesh Detector": 

Phase 

011 

Same Set-up except Si open 

0 

Deqrees 

Amplitude 

Vll 

275 

.% 

"Flesh Detector*" : 

Phase 

011 

Same Set up except 

0 

Deqrees 

Amplitude 

vn 

Term. 3 at 190°C 

100 

% 

Small-Signal Output 
Resistance (Terms.6,7,8) 

| 

r o 


50 

n 

Small-Signal Input 

Resistance: 

Term. 3 

Terms. 9&10 

1 

n 


3 

2.5 

k si 
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LINEAR INTEGRATED CIRCUITS 


CA3139E, CA3139Q 

TV Automatic Fine Tuning 
Circuit 


With Intercarrier Mixer/Amplifier 
For Color and Monochrome Receivers 

Features: 

■ Cascode-type high-gain ampli- 
fier (15-mV input for rated 
output) 

■ AFT differential peak detector 

■ Differential amplifier 

■ Bipolar outputs 

■ Five-stage intercarrier mixer/ 
amplifier 

■ Internal voltage regulator 

■ For use in either color or 
monochrome receivers 

The RCA-CA3139 is a monolithic TV Auto- 
matic Fine Tuning (AFT) circuit that pro- 
vides an AFT voltage and an amplified 
4.5-MHz intercarrier sound signal. When con- 
nected to an output of an IF amplifier the 
CA3139 provides thesignal processing (ampli- 
fication arid detection) necessary to generate 
the AFT correction signals required by the 
TV tuner. It also mixes the video and sound 
IF carriers and amplifies the resultant 
4.5-MHz intercarrier sound signal. This sound 
output may then be connected to an FM 
detector such as the RCA-CA3134 “TV 
Sound IF and Audio Output Subsystem", or 
the RCA-CA3065 "FM Detector and Audio 
Driver". 

The AFT portion of the CA3139 is similar to 
the RCA-CA3064 AFT circuit with the 
following exceptions: (a) the AFT filter 
capacitors are external and user selectable, 
allowing the detector to operate as a peak 
detector and resulting in a higher effective 
gain for the TV signal; (b) the detector bias 
resistor is external and user selectable, al- 
lowing the gain of the AFT and intercarrier 
signals to be adjusted; (c) the dynamic re- 
sistance of the shunt regulator has been 
decreased. 

The CA3139 is supplied in a 14-lead dual-in- 
line plastic package (CA3139E) or a 14-lead 
plastic package with quad-formed leads 
(CA3139Q). 

MAXIMUM RATINGS, 

Absolute-Maximum Values: 

DEVICE DISSIPATION: 

Up t° T A = 25°C 630 mW 

Above T^ = 25°C derate linearly 6.7 rr»W/°C 

AMBIENT TEMPERATURE: 

Operating —40 to +85°C 

Storage -65 to + 1 50°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16" ± 1/32" 

(1.59 mm ±0.79 mm) 

from case for 10 s max 265°C 



Fig. 1 — Block diagram and typical application of CA3139. 


MAXIMUM VOLTAGE RATINGS at T A = 25°C 

The following chart gives the range of voltages which can be applied 
to the terminals listed vertically with respect to the terminals listed 
horizontally. For example, the voltage range between vertical terminal 
3 and horizontal terminal 1 2 is +8 to -1 .5 volts. 


MAXIMUM 
CURRENT RATINGS 


Terminal 

No. 

1,2* 

3 

4" 

5 

6 

7* 

8 

9 

10 

11 

12 

13 

14 

■in. 

■out 

mA 

1 , 2 * 


JO INTERNAL CONNECTION 







3 



+ 10 

-0 

+9 

-1.5 

+8 

-1.5 

+0 

-10 

+8 

-1.5 

+8 

-1.5 

+8 

-1.5 

+8 

-1.5 

+8 

-1.5 

+8 

-1.5 

+8 

-1.5 

10 

4* 




+0 

-2 

+0 

-3 

+0 

-11 

+0 

-3 

+0 

-3 

+0 

-3 

+0 

-3 

+0 

-3 

+0 

-11 

+0 

-11 

50 

5 





+0 

-5 

+0 

-14 

+2 

-5 

+ 1 

-5 

+2 

-5 

+2 

-5 

+2 

-5 

+ 1 

-8 

+1 

-8 

1 

6 






+0 

-14 

+2 

-2 

+0 

-2 

+2 

-2 

+ 1 

-3 

+ 1 

-3 

+0 

-10 

+0 

-10 

2 

7 a 







+ 15 

-0 

+ 13 

-0 

+ 15 

-0 

+ 13 

-0 

+13 

-0 

+10 

-0 

+ 10 

-0 

50 

8 








+ 1 

-5 

+5 

-5 

+5 

-5 

+1 

-5 

+0 

-14 

+0 

-14 

2 

9 









+ 10 

-2 

+8 

-2 

00 CM 
+ 1 

+0 

-10 

+0 

-10 

10 

10 










+ 1 

-5 

+5 

-5 

+1 

-10 

+1 

-10 

2 

11 



i 

. 







* 

* 

* 

2 

12 












* 

* 

2 

13 













+14 

-14 

2 

14 














2 


Terminal number 7 may be connected to any 
positive voltage source greater than the internal 
zener regulating voltage through a suitable 
dropping resistor - provided the dissipation 
rating is not exceeded. 

This terminal should be connected to the most 
negative potential of the complete circuit. 


* Voltages are not normally applied between 
these terminals. Voltages appearing between 
these terminals will be safe if the specified 
limits between all other terminals are not 
exceeded. 

* It is recommended that unused terminals 1 and 
2 be grounded to act as shields. 
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LINEAR INTEGRATED CIRCUITS 


CA3139E, CA3139Q 


ELECTRICAL CHARACTERISTICS at T A = 25°C, V + = 28 V (Unless Otherwise Specified) 
See Test Circuit, Fig. 2 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Max. 

NO SIGNAL INPUT 

Supply Current, l + 


15 

20 

mA 

Low Voltage at Term. 7 1 

V + = 20.8 V 

11 

14.5 

V 

Shunt Reg. Voltage 


12 

14.5 

V 

Quiescent Voltage at Term. 3 


4.5 

10 

V 

Quiescent Voltage 2 at Terms. 
13 and 14 

Term. 1 3 connected to Term. 14 

6 

8.5 

V 

Quiescent Difference Voltage, 
Terms. 1 3 to 14 


-0.8 

+ 0.8 

V 

Quiescent Voltage at Term. 6 


1.4 

2.6 

V 

SIGNAL INPUT = 15 mVp^g (Unless Otherwise Specified), Note 3 

Correction Voltage at 

Term. 13 

f - 44.65 MHz 

2.2 

4.7 

V 

f - 45.69 MHz 

1.2 

4.4 

f = 45.81 MHz 

9.6 

13.8 

f = 46.85 MHz 

9.1 

12.1 

Correction Voltage at 

Term. 14 

f = 44.65 MHz 

9.1 

12.1 

V 

f = 45.69 MHz 

9.6 

13.8 

f = 45.81 MHz 

1.2 

4.4 

f = 46.85 MHz 

2.2 

4.7 

4.5 MHz Output 

Two-Tone Input 

fl = 45.75 MHz at 15 mV 

f2 = 41.25 MHz at 5 mV 

50 

200 

mV RMS 


NOTES: 1. I 7 = 12 m A maximum at V 7 = 1 1 V. 

2. V 13 = 0.55 V z ± 0.7 V 

3. Resistor from term. 6 to term. 7 = 9.09 KT2. Crossover steepens and "bow tie" 
width increases when resistor is decreased in value. Total peak swing decreases 
slightly. 



Voltmeter Probe Tip When Making 
DC Measurements 

2. Typical No Signal DC Potentials Are 
Shown. 

3. Boies Represent Test Points 


4Vi Turns #22 Wire, O.D. - 0.25" (Typ.) 
Q (Unloaded) - 100 (Min.) 
f - 41.25 MHz 
Inductance • 0.18 ph (Typ.) 


O.D. - 0.36" (Typ.) 

Q (Unloaded) - 140 (Min.) 
f - 46.75 MHz 
Inductance » 0.18 ph (Typ.) 


Fig. 2 — Test circuit. 


CIRCUIT DESCRIPTION 

The CA3139 consists of five functional cir- 
cuits as shown in the block diagram, Fig. 1 

(see Fig. 5 for schematic diagram). 

1) Cascode Amplifier — Consists of emitter- 
follower Q1, common-emitter amplifier 
Q2, and common-base amplifier Q3. 

2) Bias Circuit — Consists of Q4 and resistors 
R1, R4, R5, and an external resistor (user 
selectable) connected to the voltage regu- 
lator, terminal 7. The nominal value of 
the external resistor is 9.1 kf2. Reduced 
values will raise the gain of the cascode 
amplifier chain, and higher values will 
reduce the gain. If the gain is increased, 
the AFT "Bow Tie” width will increase 
and the crossover slope will increase 
(become steeper). The input transistor 
Q1 is internally biased, so AC coupling 
is normally used to the input terminal 5. 

3) Intercarrier Mixer/ Amplifier — The out- 
put of the cascode amplifier at terminal 9 
is also internally connected to the inter- 
carrier mixer/amplifier chain consisting 
of transistors Q13 through Q17 and as- 
sociated components. The video IF carrier 
at 45.75-MHz and the FM sound IF 
carrier at 41.25-MHz are down-converted 
to a 4.5-MHz FM signal by Q14. A low-pass 
filter removes the carriers and upper con- 
version signal components. The 4.5-MHz 
FM signal is further amplified and filtered 
by Q16 and C3. The FM sound output 
signal is at terminal 3. The gain with 
respect to a 5-mV sound carrier (tested 
with a 15-mV video carrier) input signal 
at terminal 5 is 10 to 40 when the resistor 
is connected between terminals 6 and 7 
is 9.09 k£2. 

4) AFT Detector and DC Amplifier — Con- 
sists of Q6 through Q12 and related com- 
ponents. The detector inputs at terminals 
8 and 10 are connected to the external 
discriminator transformer and biased 
through the transformer at terminal-6 
potential. The total current through tran- 
sistors Q7 and Q8 is held constant by the 
current-mirror transistors Q10, Q11, and 
Q12. External filter capacitors connected 
to terminals 11 and 12 assure that peak 
detection is accomplished. The AFT out- 
put voltages are shown in the Electrical 
Characteristics chart, and a graphical repre- 
sentation is shown in Fig. 4. 

5) Voltage Regulator — An active shunt 
regulator, consisting of D1, D2, Z1,Z2, 
and Q5, is included to reduce the dynamic 
resistance. 
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LINEAR INTEGRATED CIRCUITS 


CA3139E, CA3139Q 


INTERCARRIER OUT (3> 


TOP X 

VIEW (j?) FILTER 


<9) IF AMP OUTPUT 


' AMBIENT TEMPERATURE {T A >-25*C 



-I 0.5 45.750 ttS I 1,5 

INPUT FREQUENCY DEVIATION -MHz 


Fig. 3 — Terminal assignment. 


Fig. 4 — Dynamic control-voltage characteristics. 
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Fig. 5 — Schematic diagram of C A3 139. 


Fig. 6 — Typical tuner connection. 




Fig. 7 — Template of CA3139Q circuit board 
(actual size, bottom view). 


Fig. 8 — CA3139Q circuit board with 
components. 





LINEAR INTEGRATED CIRCUITS 


CA3140, CA3140A, CA3140B Types Preliminary Data 


MOS Operational Amplifiers With MOS/FET Input 


The CA3140B, CA3140A, and CA3140 are 
integrated-circuit operational amplifiers that 
combine the advantages of high-voltage PMOS 
transistors with high-voltage bipolar tran- 
sistors on a single monolithic chip. Because 
of this unique combination of technologies, 
this device can now provide designers, for the 
first time, with the special performance fea- 
tures of the CA31 30 COS/MOS Operational 
Amplifier and the simplicity of the 741 
series of industry-standard operational amp- 
lifiers. 

The CA3140B, CA3140A, and CA3140 
PMOS/bipolar operational amplifiers feature 
gate-protected MOS/FET (PMOS) transistors 
in the input circuit to provide very-high- 
input impedance, very-low-input current, 
and exceptional speed performance. The 
CA31 40B operates at supply voltages, ranging 
from 4 to 44 volts; the CA3140 and 
CA3140A, from 4 to 36 volts. These 
operational amplifiers are internally phase- 
compensated to achieve stable operation 
in unity-gain follower operation, and, ad- 
ditionally, have access terminals for a sup- 
plementary external capacitor if additional 
frequency roll-off is desired. Terminals 
are also provided for use in applications 
requiring input offset-voltage nulling. 

The use of PMOS field-effect transistors in 


the input stage results in common-mode 
input-voltage capability down to 0.5 volt 
below the negative-supply terminal, an im- 
portant attribute for single-supply applica- 
tions. The output stage uses bipolar tran- 
sistors and includes built-in protection against 
damage from load-terminal short-circuiting 
to either supply-rail. 

The CA3140 Series have the 8-lead termi- 
nal configuration used for the "741" and 
other industry-standard operational ampli- 
fiers. They are supplied in either the stan- 
dard 8-lead TO-5 style package (T suffix), 
or in the 8-lead dual-in-line formed-lead 
TO-5 style package "DIL-CAN" (S suffix). 
The CA3140B is intended for operation at 
supply voltages ranging from 4 to 44 volts, 
and for applications requiring premium-grade 
specifications and with electrical limits es- 
tablished for operation over the ranae from 
— 55°C to +1 25°C. The CA3140A and 
CA3140 are for operation at supply volt- 
ages up to 36 volts (± 18 volts). 

The CA3140 and CA3140A can also be 
operated safely over the temperature range 
from — 55°C to +125°C without malfunc- 
tioning, although specification limits for their 
electrical parameters do not apply when 
they are operated beyond their specified 
temperature ranges. 



Features: 

■ MOS/FET Input Stage provides: 

a) Very high input impedance 
(Z| N ) - 1.5 TH typ. 

b) Very low input current 
(Il)-IOpA typ. at ± 15 V 

c) Low input offset voltage 
(Vjo) — to 2 mV max. 

d) Wide common-mode input 
voltage range (Vicr) - 
can be swung 0.5 volt below 
negative rail 

e) output swing complements 
input common mode 

■ Directly replaces industry type 
741 in most applications 

■ Operation from 4-to-44 volts 
single or dual supplies 

■ Internally compensated 

■ Characterized for + 5 volts TTL 
supply systems with operation 
down to 4 volts 

■ Wide bandwidth — 4.5 MHz unity 
gain at ± 15 V or 30 V; 3.7 MHz 
at + 5 V 

■ High slew rate — 9 Volts/jus 

■ Fast settling time — 1 .4 jus typ. 
to 10 mV with a 10 V p-p signal 

■ Output swings to within 0.2 volt 
of negative supply 

■ Strobable output stage 

Applications: 

■ Ground-referenced single-supply 
amplifiers in automobile and 
portable instrumentation 

■ Sample and hold amplifiers 

■ Long-duration timers/multivi- 
brators (microseconds — minutes - 
hours) 

■ Photocurrent instrumentation 

■ Peak detectors 

■ Active filters 

■ Comparators 

■ Interface in 5 V TTL systems & 
other low-supply voltage systems 

■ All standard operational amplifier 
applications 

■ Tone controls 

■ Function generators 

■ Power supplies 

■ Portable instruments 

■ Intrusion alarm systems 


Fig. 1— Schematic diagram of CA3140 series. 
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LINEAR INTEGRATED CIRCUITS 


CA3140, CA3140A, CA3140B Types 


MAXIMUM R ATI NGS, Absolute-Maximum Values: 

C A3 140, CA3140A CA3140B 


DC SUPPLY VOLTAGE 

(BETWEEN V + AND V“ TERMINALS) 36 V 44 V 

DIFFERENTIAL-MODE INPUT VOLTAGE ± 8 V ±8 V 

COMMON-MODE DC INPUT VOLTAGE (V + +8 V) to (V~ -0.5 V) 

INPUT-TERMINAL CURRENT 1mA 

DEVICE DISSIPATION: 

WITHOUT HEAT SINK - 

Up to 55°C 630 mW 

Above 55°C Derate linearly 6.67 mW/°C 

WITH HEATSINK - 

At 125°C 418 mW 

Below 125°C Derate linearly 16.7 mW/°C 

TEMPERATURE RANGE: 

OPERATING —55 to + 1 25°C 

STORAGE —65 to + 1 50°C 

OUTPUT SHORT-CIRCUIT DURATION* INDEFINITE 

LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1/16 ± 1/32 INCH (1.59 ±0.79 MM) 

FROM CASE FOR 10 SECONDS MAX +265°C 


* Short circuit may be applied to ground or to either supply. 



Fig. 2— Functional diagram of the CA3140 series. 


ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 


Characteristic 

Test 

Conditions 

CA3140B 

CA3140A 

CA3140 

Units 

V+= 15 V 

V“ = 15 V 

T A = 25° C 
(Unless Specified 
Otherwise) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input Offset Voltage, V|Q 


- 

0.8 

2 

- 

2 

5 

- 

8 

15 

mV 

Input Offset Current, l|0 


- 

0.5 

10 


0.5 

20 

- 

0.5 

30 

pA 

Input Current, 1 1 


- 

10 

30 

- 

10 

40 

- 

10 

50 

PA 

Large-Signal Voltage 

Gain, Aq L 

V 0 =26 Vp.p 
+ 1 2V, -14V 

R|_=2k il 

50k 

100k 

- 

20k 

100k 

- 

20k 

100k 

- 

V/V 

94 

100 

- 

86 

100 

- 

86 

100 

- 

dB 

Common-Mode 

Rejection Ratio.CMRR 


- 

20 

50 

- 

32 

320 

- 

32 

320 

•c 

< 

< 

86 

94 

- 

70 

90 

- 

70 

90 

- 

dB 

Common-Mode 

Input Voltage 

Range, V|CR 


-15 

-15.5 

to 

12.5 

1.2 

-15 

-15.5 

to 

12.5 

12 

-15 

-15.5 

to 

12.5 

11 

V 

Power-Supply Rejection 
Ratio, AV|o/AV + 


- 

32 

100 

- 

100 

150 

- 

100 

320 

l uV/V 

80 

90 

- 

76 

80 

- 

76 

80 

- 

dB 

+ 

Maximum Out- Vqm 
put Voltage V()M - 

R|_ = 2 kS2 

±12 

+ 12.5 

- 

+ 12 

+ 12.5 

- 

+ 12 

+ 12.5 

- 

V 

-14 

-14.4 

- 

-14 

-14.4 

- 

-14 

-14.4 

- 

Supply Current, l + 


- 

4 

5.5 

- 

4 

5.5 

- 

4 

5.5 

mA 

Device Dissipation, Pq 


- 

120 

165 

- 

120 

165 

- 

120 

165 

mW 

Input Current. 1 j 

T A = -55 
to +1 25°C 

V± - ±15 V 

VO = 26 Vp. p 

R|_ = 2ka 

- 

10 

30 

- 

10 

- 

- 

10 

- 

nA 

Input Offset 

Voltage, V|0 

- 

1.3 

3 

- 

3 

- 

- 

10 

- 

mV 

Large-Signal Voltage 

Gain, Aql 

20k 

100k 

- 

- 

100k 

- 

- 

100k 

- 

V/V 

86 

100 

- 

- 

100 

- 

- 

100 

- 

dB 

Maximum Out- 
put Voltage 

V0M + 

V±=±22V 


+ 19 

19.5 

- 

- 

- 

- 

- 

- 

- 

V 

V0M“ 



-21 

-21.4 


- 

- 

- 

- 

- 

- 

Large Signal 

Voltage Gain, Aql 

RL=2k n 

Vo=+19V 

-21V 

20k 

50k 

- 

- 

- 

- 

- 

- 

- 

V/V 

86 

94 

- 

- 

- 

- 

- 

- 

- 

dB 
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LINEAR INTEGRATED CIRCUITS 


CA3140, CA3140A, CA3140B Types 

CIRCUIT DESCRIPTION 


Fig.3 is a block diagram of the CA3140 
Series PMOS Operational Amplifiers. The 
input terminals may be operated down to 
0.5 V below the negative supply rail. Two 
class A amplifier stages provide the voltage 
gain, and a unique class A8 amplifier stage 
provides the current gain necessary to drive 
low-impedance loads. 

A biasing circuit provides control of cas- 
coded constant-current flow circuits in the 
first and second stages. The CA3140 in- 
cludes an on-chip phase-compensated capa- 
citor that is sufficient for the unity gain 
voltage-follower configuration. 

Input Stages — The functional circuit dia- 
gram of the CA3140 is shown in Fig.2. It 
consists of a differential-input stage using 
PMOS field-effect transistors (Q9,Q1 0) work- 
ing into a mirror-pair of bipolar transistors 
(Q11, Q12) functioning as load resistors to- 
gether with resistors R2 through R5. The 
mirror-pair transistors also function as a dif- 
ferential-to-single-ended converter to pro- 
vide base-current drive to the second-stage 
bipblar transistor (Q13). Offset nulling, 
when desired, can be effected with a 10-kH 
potentiometer connected across terminals 1 
and 5 and with its slider arm connected to 
terminal 4. Cascode-connected bipolar tran- 
sistors Q2, Q5 are the constant-current source 
for the input stage. The base-biasing circuit 
for the constant-current source is described 
subsequently. The small diodes D3, D4, D5 
provide gate-oxide protection against high- 
voltage transients, e.g., static electricity. 
Second-Stage — Most of the voltage gain in 
the CA3140 is provided by the second amp- 
lifier stage, consisting of bipolar transistor 
Q13 and its cascode-connected load resis- 
tance provided by bipolar transistors Q3, 
Q4. On-chip phase compensation, suffi- 
cient for a majority of the applications is 
provided by Cl. Additional Miller-Effect 


compensation (roll-off) can be accomplished 
when desired, by simply connecting a small 
capacitor between terminals 1 and 8. Ter- 
minal 8 is also used to strobe the output 
stage into quiescence. When terminal 8 is 
tied to the negative supply rail (terminal 4) 
by mechanical or electrical means, the output 
terminal 6 swings low, i.e., approximately 
to terminal 4 potential. 

Output Stage — The CA3140 Series circuits 
employ a broadband output stage that can 
sink loads to the negative supply to com- 
plement the PMOS input stage. Quiescent 
current in the emitter-follower cascade cir- 
cuit (Q17, Q18) is established by transistors 
(Q15, Q16) whose base-currents are “mir- 
rored” to current flowing through diode D2 
in the bias circuit section. When the CA3140 
is operating such that output terminal 6 is 
sourcing current, transistor Q18 functions as 
an emitter-follower to source current from 
the V+ bus (terminal 7), via D7, R9, and 
R11. Under these conditions, the collector 
potential of Q13 is sufficiently high to per- 
mit the necessary flow of base current to 
emitter follower Q17 which, in turn, drives 
Q 18 . 

When the CA3140 is operating such that 
output terminal 6 is sinking current to the 
V— bus, transistor Q16 is the current-sinking 
element. Transistor Q16 is mirror-connected 
to D6, R7, with current fed by way of Q21, 
R12, and Q20. Transistor Q20, in turn, is 
biased by current-flow through R13, zener 
D8, and R14. The dynamic current-sink 
circuit is controlled by voltage-level sensing. 
For purposes of explanation, it is assumed 
that output terminal 6 is quiescently estab- 
lished at the potential mid-point between the 
V+ and V— supply rails. When output-current 
sinking-mode operation is required, the col- 
lector potential of transistor Q13 is driven be- 
low its quiescent level, thereby causing Q17 
Q18 to decrease the output voltage at ter- 


minal 6. Thus, the gate terminal of PMOS 
transistor Q21 is displaced toward the V— 
bus, thereby reducing the channel resistance 
of Q21. As a consequence, there is an incre- 
mental increase in current flow through 020, 
R12, 021, D6, R7, and the base of 016. As a 
result, 016 sinks current from terminal 6 in 
direct response to the incremental change in 
output voltage caused by Q18. This sink 
current flows regardless of load: any excess 
current is internally supplied by the emitter- 
follower Q18. Short-circuit protection of 
the output circuit is provided by Q19, which 
is driven into conduction by the high voltage 
drop developed across R11 under output 
short-circuit conditions. Under these con- 
ditions, the collector of Q19 diverts current 
from Q4 so as to reduce the base-current 
drive from Q17, thereby limiting current 
flow in Q18 to the short-circuited load 
terminal. 

Bias Circuit — Quiescent current in all stages 
(except the dynamic current sink) of the 
CA3140 is dependent upon bias current 
flow in R1. The function of the bias cir- 
cuit is to establish and maintain constant- 
current flow through D1, Q6, Q8 and D2. 
D1 is a diode-connected transistor mirror- 
connected in parallel with the base-emitter 
junctions of Q1, Q2, and Q3. D1 may be 
considered as a current-sampling diode that 
senses the emitter current of Q6 and auto- 
matically adjusts the base current of Q6 
(via Q1) to maintain a constant current 
through Q6* Q8, D2. The base-currents 
in Q2, Q3 are also determined by constant- 
current flow in D1. Furthermore, current 
in diode-connected transistor D2 establishes 
the currents in transistors Q14 and Q15. 



Fig. 3— Block diagram of CA3 140 series. 
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LINEAR INTEGRATED CIRCUITS 


CA3141E 


High-Voltage Diode Array 

For Commercial, Industrial, and Military Applications 
Features: 

■ Matched monolithic construction — Vp for each diode pair 
matched to within 0.55 mV (typ.) at Ip = 1 mA 

■ Low diode capacitance — 0.3 pF (typ.) at Vp = 2 V 

■ High diode-to-substrate breakdown voltage — 30 V (min.) 

■ Low reverse (leakage) current — 100 n A (max.) 


Applications: 

■ Balanced modulators or demodulators 

■ Analog switches 

■ High-voltage diode gates 

■ Current ratio detectors 



Fig. 1 — Terminal assignment. 


The RCA-CA3141 E High-Voltage Diode Ar- 
ray consists of ten general-purpose high- 
reverse-breakdown diodes. Six diodes are 
internally connected to form three common- 
cathode diode pairs, and the remaining four 
diodes are internally connected to form two 
common-anode diode pairs. Integrated cir- 
cuit construction assures excellent static and 
dynamic matching of the diodes, making the 
CA3141 E extremely useful for a wide variety 
of applications in communications and 
switching systems. 

The CA3141E is supplied in the 16-lead 
dual-in-line plastic package (E suffix), and in 
chip form (H suffix). 


MAXIMUM RATINGS, Absolute Maximum Values at T A - 25 ° C 


PEAK INVERSE VOLTAGE (PIV) 30 V 

PEAK DIODE-TO-SUBSTRATE VOLTAGE 30 V 

PEAK FORWARD SURGE CURRENT [l F (SURGE)] 100mA 

DC FORWARD CURRENT (l F ) . . 25 mA 

DISSIPATION: 

Any one diode unit 50 mW 

Total Package: 

Up to 55°C 650 mW 

For T^ > 55 C Derate linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating — 55to+125°C 

Storage -65to+150°C 

LEAD TEMPERATURE (During Soldering) : 

At distance 1/16± 1/32 inch (1.59 ±0.79 mm) from case for 10s max +265°C 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNIT 

Min. 

Typ. 

Max. 

DC Forward Voltage Drop, Vp 

Ip (Anode) 100/uA 

— 

0.7 

0.9 

V 

1 mA 

- 

0.78 

1 

10 mA 

- 

0.93 

1.2 

DC Reverse Breakdown 

Voltage, V (BR)R 

l F = -10 juA 

30 

50 

_ 

V 

DC Breakdown Voltage Between 
Any Diode and Substrate, 
V (BR)DI 

Iqj = 10 pA 

30 

50 

- 

V 

DC Reverse (Leakage) Current,! p 

Vp = -20 V 

- 

- 

100 

nA 

DC Reverse (Leakage) Current 
Between Any Diode and 
Substrate, Iqj 

V D , = 20 V 

- 

- 

100 

nA 

Magnitude of Diode Offset 

Voltage Between Diode Pairs 

V D ,'=20 V 

1 p A = 1 mA 

- 

0.55 

- 

mV 

Temperature Coefficient of 
Forward Voltage Drop, 

av f/ at 

Ip = 1 mA 

- 

-1.5 

- 

mV/°C 

Reverse Recovery Time, t rr 

1 p = 2 mA, Ip = 2 m A 

- 

50 

- 

ns 

Diode Capacitance, Cq 


See Fig. 5 

PF 

Diode Anode-to-Substrate 
Capacitance, Cq A j 


See Fig. 6 

pF 

Diode Cathode-to-Substrate 
Capacitance, Cqqj 


See Fig. 7 

pF 

Magnitude of Anode-to-Cathode 
Current Ratio, Hfa^FcI 

l FA =1 mA,V DS =10V 

0.9 

0.96 

- 
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LINEAR INTEGRATED CIRCUITS 


CA3141E 



92CS-27I76 


Fig. 4 — Diode offset voltage vs. magnitude of 
anode current. 
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CATHODE- TO- ANOOE DC REVERSE VOLTAGE (VR)— V 


92CS-27I77 

Fig. 5 — Diode capacitance vs. cathode-to- 
anode reverse voltage. 



ANODE-TO -SUBSTRATE DC REVERSE VOLTAGE <V R )-V 
92CS-27I78 

Fig. 6 — Diode anode-to-substrate capacitance 
vs. reverse voltage. 



CATHODE -TO- SUBSTRATE DC REVERSE VOLTAGE (V R )-V 

92CS- 2717 9 


Fig. 7 — Diode cathode-to-substrate capacitance vs. 
cathode-to-substrate DC reverse voltage. 



92CS-27I80 


Fig. 8 - Forward ( cathode ) current vs. forward 
(anode) current. 



92CS-27I8I 

Fig. 9 — DC leakage current vs. ambient 
temperature. 
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LINEAR INTEGRATED CIRCUITS 


CA3143E Preliminary Data 
TV Luminance Processor 


The CA3143E is a monolithic silicon inte- 
grated circuit that performs the luminance 
processing functions of amplification; con- 
trast, brightness and peaking control; blank- 
ing; and black-level clamping. 

This device, when used in conjunction with 


the CA3126Q chroma processor and the 
CA3137E chroma demodulator, will pro- 
vide a luminance/chrominance system hav- 
ing excellent tracking -of controls. The 
CA3143E is supplied in a 14-lead dual- 
in-line plastic package. 


Features: 

■ Black-level clamping 

■ Linear dc controls for brightness, 
contrast, and peaking 

■ Horizontal and vertical blanking 

MAXIMUM RATINGS, Absolute-Maximum Values 
at T A = 25° C 


VIOEO INPUT 


CLAMP INHIBIT INPUT 



DC SUPPLY CURRENT (Into Terminal 13)* . . 59.5 mA 

DEVICE DISSIPATION:* 

Up to T A = 55°C 750 mW 

Above T A = 55°C derate linearly 7.9 mW/°C 

AMBIENT-TEMPERATURE RANGE: 

Operating —40 to +85°C 

Storage — 65to+150°C 

LEAD TEMPERATURE (During soldering): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) 

from case for 10s max +265°C 


POSITIVE 

BLANKING |— OHORlZONTAL 
INPUT I PULSE 


POSITIVE 

I O VERTICAL 

PULSE 


+ 30V 
1 1.8 VOLTS 
REGULATOR 
VOLTAGE 


„ soxn 

1 BRIGHTNESS 
. CONTROL 


92CL- 27424 


Fig. 1 — Functional block diagram. 


GENERAL RADIO 
I309A 

OR EQUIVALENT 


15 HA 
. -AW 

MIN Rl 


50kft MAX 3 9 Ml 

* IMA *-^WV-0+l2V 


50 KHz 
CW 

GENERATOR] 





1 

T 

' 


IOKfl> 

l„F 

* IL . 




S6 \ 

AC VOLTMETER 


BALLANTINE 

SIO 

314 


OR equivalent 

-V 



2<f o-^A/WO + 12 V | 
<!5hfl 


NOTE : ATTENUATION AT 50 KHz MUST 
BE AT LEAST 66 dB DOWN FROM 
THE ATTENUATION AT I MHz 

Fig.2 — Test circuit. 


“10SCILL0SC0PE 


92CL- 27425 


Although the CA3143E is rated for maximum 
dissipation of 750 mW, it is recommended 
that the current into terminal 13 be limited 
by external circuit resistance to 39 mA for 
a typical voltage at terminal 13 of 11.8 volts. 


CIRCUIT DESCRIPTION 

Fig. 1 is a block diagram of the CA3143E 
indicating the internal functions as well as 
external circuitry and signals. The video 
input signal with positive-going sync is ap- 
plied to the input of the tapped delay line. 
Signals from fixed taps of the delay line 
are applied to terminals 1, 2 and 3 of the 
CA3143E. In referring to Fig. 3, the signal 
from the delay line tap A is applied to the 
video input at terminal 1. The signals from 


v sum“ v b* v c 



92CS-274Z3 


Fig. 3 — Tapped delay line. 

taps B and C are summed where + Vg 
= v sum- The signal (V sum ) is then applied 
to the parallel connection of the peaking 
input terminals, 2 and 3. The video input 
signal is applied to a non-inverting input of 
the peaking amplifier while the peaking input 
signal (V sum ) is applied to an inverting in- 
put of the peaking amplifier. 
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LINEAR INTEGRATED CIRCUITS 


CA3143E Preliminary Data 


Low-frequency video components are un- 
attenuated, while high-frequency compon- 
ents are attenuated as a function of the 
delay-line tap points. The peaking amplifier 
is a differential amplifier, so that the output 
is proportional to V-j minus V sum . At low 
frequencies, the signal at terminals 2 and 
3 is unattenuated, and the peaking ampli- 
fier produces no output at these frequen- 
cies. However, at high frequencies the signal 
at terminals 2 and 3 is attenuated thus, the 
peaking amplifier output consists of high-fre- 
quency video. The peaking control setting 
determines the amplitude of the peaking sig- 
nal which is then fed to the video amplifier, 
where it is added to the video input signal 
and amplified. The setting of the peaking 
control does not substantially affect the dc 
quiescent voltage at terminal 4. 

The low-impedance video amplifier output 
is at terminal 4. The signal is fed through an 
external coupling capacitor to terminal 6, the 
black-level clamp input. The action of the 
black-level clamp is such that it clamps to 
the black level rather than to the sync level. 
Consider the situation where no signal is ap- 
plied to terminal 12. Terminal 6 is biased 
through diode D2. The signal at terminal 6 will 
clamp its most negative excursion (sync 
pulse) to the anode voltage of D2. How- 
ever, if a positive pulse is applied to termi- 
nal 12 during the sync interval, the anode 
of D2 is forced to ground due to saturation 
of Q17. The clamp is thus disabled, and 
terminal 6 will clamp to the next lower 
signal level, the black level. 

The clamped video signal at terminal 6 is 
amplified and inverted at terminal 7. Blank- 
ing is accomplished by applying horizontal 
and vertical sync pulses to terminal 9. The 
pulses turn ON p-n-p transistor Q6 which 
shorts the base of transistor Q15 to the 
terminal 13 supply voltage. The bright- 
ness control function is accomplished by 
varying the voltage on terminal 8. The gain 
of the inverter stage remains constant, but 
the dc reference voltage follows the terminal 
8 voltage. The contrast control function is 
accomplished by varying the voltage of ter- 
minal 10. Increasing the voltage on termi- 
nal 10 lowers the gain of the video ampli- 
fier. This reduction in gain does not sub- 
stantially affect the dc quiescent voltage at 
terminal 4. 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


Characteristic 

Bias 

Volts 

(V) 

Test Conditions 

Typ. 

Value 

Units 

Sll 

Switch Numbers 

S2 | S3 | S4| S5 1 S6| S7 1 S8 |S9 |S10| S11 

Switch Positions 

For Characteristics Measurements 

STATIC 

Voltage: 

At Term. 13(V13 # ) 

6.1 

2 

1 

1 

2 

2 

4 

1 

2 

2 

1 

1 

11.8 

V 

Quiescent Voltage 

At Term. 4 (V4*) 

6.1 

2 

1 

1 

2 

2 

3 

1 

2 

2 

1 

1 

4 

V 

Quiescent Voltage 

At Term. 7 (V7*) 

6.1 

2 

1 

1 

2 

2 

2 

1 

2 

2 

1 

1 

7.7 

V 

Current into 

Term. 13(Term.13 
Connected to 
+11 V) (11 3®) 

6.1 

2 

1 

1 

2 

2 

3 

1 

2 

2 

1 

2 

2.1 

mA 

DYNAMIC 

Wide-Band Gain 
(Note 1) 

5.8 

1 

1 

1 

2 

1 

2 

1 

1 

1 

2 

1 

8.3 

dB 

Contrast 

Gain Reduction 
(Note 2) 

5.8 

1 

1 

1 

2 

1 

2 

1 

1 

2 

2 

1 

—30 

dB 

Peaking Gain 
(Note 1) 

5.8 

1 

1 

2 

2 

1 

2 

1 

1 

1 

2 

1 

18.4 

dB 

Peaking 

Gain Reduction 
(Note 3) 

5.8 

1 

1 

2 

2 

1 

2 

1 

1 

1 

2 

1 

-18 

dB 

Max. Intermodulation 
Distortion : (Note 4) 

2 V 

5.8 

1 


1 

1 

1 

2 


2 

1 

2 

1 

20 

% 

3 V (Note 5) 

5.8 

1 

- 

1 

1 

1 

2 

- 

2 

1 

2 

1 

40 

% 


• Terminal measured and Symbol 


Note 1: Set 50-kHz generator for lOOmVp-p. Adjust R1 Peaking Control (See Fig.2) for 
minimum setting. Measure wide-band gain at terminal 7. 

Note 2: Set 50-kHz generator for 100 mVp-p. Adjust R1 for minimum setting. Measure 
contrast gain reduction at terminal 7. 

Note 3: Set 50-kHz generator for 100 mV-p-p. Adjust R1 for maximum setting. Measure 
peaking gain reduction at terminal 7. 

Note 4: Adjust R1 for minimum setting. With S2 at switch positionl and S7 at switch 
position 3, set 50-kHz generator for 2 Vp-p. Then with S2 at switch position 
2, set 1 MHz generator for 100 mVp-p. Then with S7 at switch position 2, 
measure downward modulation of the 1-MHz signal due to the 50-kHz signal. 



MODULATED 
I- MHz SIGNAL 


92CS- 27422 


A = Amplitude of 50 kHz signal at deepest trou 
B = Peak amplitude of 50 kHz signal 
Downward Modulation = B— A 
B 


Note 5: Repeat step 4 except that the 50-kHz generator must be set at 3 Vp-p. 
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LINEAR INTEGRATED CIRCUITS 


CA3147E Preliminary Data 

TV Horizontal Processor 


For Colour and Monochrome Receivers 

The RCA-CA3147E is a monolithic silicon 
integrated circuit Horizontal Processor de- 
signed to drive either SCR or transistorized 
deflection systems. In addition to providing 
performance similar to the CA920AE, the 
CA3147E incorporates a colour burst gating 
pulse and is capable of supplying suitable 
pulses for driving both the commutating and 
the trace switches of SCR deflection systems 
such as that shown in Fig. 2. 


The duration of the commutating pulse is 
typically 6 fis, suitable for either single- 
standard or dual-standard 625/819 line re- 
ceivers. The basic component arrangement 
for driving a transistorized output stage is 
shown in Fig. 1 . 

The CA3147E is supplied in a 16-lead dual- 
in-line plastic package that incorporates a 
copper lead-frame to enhance thermal dis- 
sipation capability. 


—(§> GROUNO(V) 

H |Sv OSCILLATOR 

S' FREQUENCY CONTROL 

H a RAMP-PROOUCING 
S' CAPACITOR 

/a PHASE DETECTOR 
'S' OUTPUT 

H rav TIME -CONSTANT 
S' CONTROL 

H j7\ COINCIDENCE DETECTOR 
LV DECOUPLING 

— (§) VIDEO SIGNAL INPUT 

— (?) NOISE GATE BIAS 

TOP VIEW 


TERMINAL ASSIGNMENT 


E G>- 
Y (D- 
E (D“ 

y < 5 >- 

M (D- 

K d>- 

VERTICAL SYNC OUTPUT 0— 
E ®- 


MAXIMUM RATINGS, 

Absolute-Maximum Values at T A =25°C 

DC SUPPLY VOLTAGE 16 V 

DEVICE DISSIPATION: 

Up to T a = 60° C 1 W 

Above T a = 60° C 

Derate linearly at 1 1.1 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating —40 to +85 °C 

Storage —65 to +150°C 


OUTPUT CURRENT: 

Commutating switch (peak) 500 mA 

Trace switch (peak) 300 mA 

Trace switch (avg.) 40 mA 

LEAD TEMPERATURE (During Soldering): 

At a distance not less than 1/32 in. (0.79 mm) 
from case for 1 0 seconds max +265°C 


Features: 

■ Output pulses for driving both trace switch 
and (Commutating switch in SCR deflection 
systems 

■ Dual-time-constant phase-locked loop 

■ Vertical -sync pulse output 

■ Burst-gate pulse output 

■ Internal noise gate 

■ Low- voltage protection circuit 

■ Reduced peripheral components 


ELECTRICAL CHARACTERISTICS at T A = 25°C, and Supply Voltage (V + ) - 12 V 
at Term. 4 unless otherwise specified. 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Supply Current, Term. (2 +4) l + 

Terms. 1 & 3 open 


37 


mA 

Phase Detector Characteristics 
(Term. 13): 

Output Current 1 -j 3 

Capture Mode 


±3 


mA 

Output Current 1 -j 3 

Hold Mode 


±1 


Vertical Sync Output Charac- 
teristics (Term. 7): 

Pulse Duration ty 

Composite 

Video 

Input 


160 


Ms 

Pulse Amplitude V7 


10 


V 

Colour Burst Characteristics 
(Term. 8): 

Pulse Duration tg 



5 


Ms 

Pulse Amplitude Vg 



10 


V 

Output Switch Characteristics 
(Term. 4): * 

Output Stage Enable V4 

Switch closed 


4.5 


V 

Output Stage Inhibit V4 

Switch open 


4 


Trace Output Drive Charac- 
teristics (Term. 3): 

Pulse Duration tg 

80 mA pk. output 


22 + t d 


Ms 

Pulse Amplitude Vg 

80 mA pk. output 


10 


V 

Commutating Output Drive 

Characteristics (Term. 1): 

Pulse Duration t-j 

400 mA pk. output 


6 


Ms 

Pulse Amplitude V-j 

400 mA pk. output 


10 


V 

Oscillator Pull-In Range 
(Term. 15): Af Q 

f 0 varied 


±750 


Hz 



185 V 



NOTE: <*>> 

ALL RESISTANCES ARE 92cs- 27478 

IN OHMS. 


Fig . 1 — Typical horizontal drive networks using 

(a) SCR switching and (b) transistor switching. 
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LINEAR INTEGRATED CIRCUITS 


CA3147E Preliminary Data 



NOTE I SEE FIG. 2 FOR HORIZONTAL DRIVE NETWORKS USING SCR OUTPUT AND TRANSISTOR OUTPUT 

NOTE 2- VALUE DEPENDS ON THE TYPE OF HORIZONTAL TRANSFORMER USED. ATYPICAL VALUE IS 4.7 k FOR A IOV PULSE 

92CL-27477 

Fig. 2— Functional block diagram for CA3147E. 












LINEAR INTEGRATED CIRCUITS 


CA3170E Preliminary Data 


TV Chroma System 


The RCA-CA3170E is a monolithic silicon 
integrated circuit that performs the func- 
tions of subcarrier regeneration, ACC and 
APC detection, and tint control in color tele- 
vision receivers. It is designed to function 
compatibly with the CA3121E TV Chroma 
Amplifier/ Demodulator in a 2-package 
chroma system. 

The CA3170E is a TV Chroma System of 
advanced design that incorporates all the fea- 


tures of the CA3070E but with the added 
advantage of a modified Hue Control Char- 
acteristic. With the CA3170E, the designer 
can provide a front panel hue control that 
functions linearly over its entire range, a 
particularly desirable consumer feature. 

The CA3170E is supplied in a 16-lead dual- 
in-line plastic package (E suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values at Ta =2g°C 


DEVICE DISSIPATION: 

Up to T A = 55°C 

Above T A = 55°C 

AMBIENT-TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During soldering): 

At distance 1/16 + 1/32 inch (1.59 ±0.79 mm) 
from case for 10s max 


750 mW 

derate linearly 7.9 mW/°C 

—40 to +85°C 

-65 to +150°C 


+265 °C 



UNLESS OTHERWISE INDICATEO. ALL CAPACITANCE VALUES 
LESS THAN I 0 ARE IN MICROFARADS 
I 0 OR GREATER ARE IN PICOFARADS 


Fig. 1 — Functional block diagram of CA3 170E. 



Fig. 2 — Simplified functional diagram of a two-package TV chroma 
system utilizing the CA3170E and CA3121E. 


CIRCUIT DESCRIPTION 

The CA3170E is a complete subcarrier re- 
generation system with automatic phase con- 
trol applied to the oscillator. An amplified 
chroma signal from the CA3121E is applied 
to terminals No. 13 and No. 14, which are 
the automatic phase control (APC) and the 
automatic chroma control (ACC) inputs. 
APC and ACC detection is keyed by the hor- 
izontal pulse which also inhibits the oscilla- 
tor output amplifier during the burst interval. 
The ACC system uses a synchronous detec- 
tor to develop a correction voltage at the 
differential output terminal Nos. 15 & 16. 
This control signal is applied to the input 
terminal Nos. 1 & 16 of the CA3121E. The 
APC system also uses a synchronous detec- 
tor. The APC error voltage is internally 
coupled to the 3.58 MHz oscillator at bal- 
ance; the phase of the signal at terminal No. 
13 is in quadrature with the oscillator. 
To accomplish phasing requirements, an RC 
phase shift network is used between the 
chroma input and terminal Nos. 13 and 14. 
The feedback loop of the oscillator is from 
terminal Nos. 7 and 8 back to No. 6. The 
same oscillator signal is available at terminal 
Nos. 7 and 8, but the dc output of the APC 
detector controls the relative signal levels at 
terminal Nos. 7 or 8. Because the output at 
terminal No. 8 is shifted in phase compared 
to the output at terminal No. 7, which is ap- 
plied directly to the crystal circuit, control 
of the relative amplitudes at terminal Nos. 7 
and 8 alters the phase in the feedback loop, 
thereby changing the frequency of the 
crystal oscillator. Balance adjustments of dc 
offsets are provided to establish an initial no- 
signal offset control in the ACC output, and 
a no-signal, on-frequency adjustment 
through the APC detector-amplifier circuit 
which controls the oscillator frequency. The 
oscillator output stage is differentially 
controlled at terminal Nos. 2 and 3 by the 
hue control input to terminal No. 1. The hue 
phase shift is accomplished by the external 
R, L, and C components that couple the 
oscillator output to the demodulator input 
terminals. The CA3170E includes a shunt 
regulator to establish a 12-volt dc supply. 



HUE CONTROL VOLTAGE(V|)- % Of REGULATOR V0LTAGC(V w ) 

«CS-*T*« 


Fig. 3 — Typical hue control characteristic. 
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LINEAR INTEGRATED CIRCUITS 


CA3170E Preliminary Data 


ELECTRICAL CHARACTER ISTCS, at T A = 25°C and V + = +24 V unless otherwise specified 


CHARACTERISTICS 

SPECIAL TEST CONDITIONS 

LIMITS 

CA3170E 

UNITS 



MIN. TYP. MAX. 



Static Characteristics 


Voltage: 

Hue Control, Vi 

See Fig. 8 





Oscillator Input, V@ 


St CLOSED 

S 3 OFF; 

_ 

2.6 

_ 


APC Input, Vi 3 


— 

5.4 

— 

V 

Regulator, V-jo 

V+ = 21 V 

S2, S4, S5 
OPEN 

11 

12.3 

13.5 

Regulator Change, Viq 

V + = 27 V 

See Fig. 6 

-0.2 

- 

+0.2 


Horizontal Key 

Input, V4 

14 = -10 )UA 


5 

- 

- 


Currents: 

Oscillator Output, I2 

S 1f S 2 , s 4 , s 5 CLOSED, 

S3 in position 2, See Fig. 6 

- 

5.8 

... 

mA 

APC Output, In, 1 1 2 

Si, S5 OPEN, S2, S4 CLOSED, 

— 

1.45 

_ 

ACC Output, 1 15, I16 

S3 in position 1, See Fig. 6 

— 

1.45 

— 



Dynamic Characteristics (See Figure 5) 


Oscillator Outputs: 

Terminal No. 2, V2 

Si in position 1 

0.75 

1.0 

- 

Vp-p 

Terminal No. 3, V3 

Si in position 2 

0.75 

1.0 

- 

ACC Detected Output 

Vl6- V15 

Si in position 1 

115 

150 

- 

mV 

Oscillator Pull- 
In Range 

Si in position 1 

- 

±400 

- 

Hz 


TO OSCILLOSCOPE 


Tl . UNIVERSAL WINDING, NO. 36 WIRE 
PRIMARY: 77 TURNS, L= 11.8 uH, Q*40 
SECONDARY: 34 TURNS, CT;L = 9 M H,Q = 20 


4.5/j.S +4 V 
PEAK PULSE 
DELAY ADJ. TO I 
CENTER PULSE 
ON THE BURST 


CRYSTAL 
PROBE OR 
EQUIVALENT* 



• ADJUST C2 FOR 
MINIMUM OUTPUT 
AT 3.59 MHz. 
ADJUST Cl FOR 
MAXIMUM OUTPUT 
AT 3.579545 MHz 


NOTES: 

1. ALL RESISTANCES IN OHMS. 

2. UNLESS OTHERWISE SPECIFIED 
ALL CAPACITANCES ARE 

IN MICROFARADS 

3. V 2 8 V 3 MEASURED WITH LOW- 
CAPACITY SCOPE PROBE < 20 pF 


92CL-27694 


Fig. 8 — Dynamic characteristics test circuit. 


DYNAMIC TEST PROCEDURE 

1. With S2 in "OFF" position, short termi- 
nals 11 and 12. Then with SI in 1 posi- 
tion, adjust CX for a frequency of 
3.579545 MHz ±5 Hz. Measure the 
frequency using the frequency counter or 
by zero beat indication on the oscillos- 
cope. 

2. Remove short from terminals 11 and 12, 
and adjust "APC" control for zero beat 
on the oscilloscope. With S2 in "ON" po- 
sition, pattern on oscilloscope must lock. 

3. With S2 in "OFF" position adjust "ACC" 
control to give output reading of 0 ± 2 
mV between terminals 15 and 16. Then 
with S2 in "ON" position, read "ACC" 
output. 

4. Example of pull-in testing to ± 200 Hz: 

With S2 in "OFF" position, adjust CX 
for frequency of 3.579545 + 200 Hz. 
Then with SI in position 1 and $2 in 
"ON" position, pattern on oscillos- 
cope must lock. 

5. Repeat Step 4 with CX adjusted to - 200 
Hz. 
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LINEAR INTEGRATED CIRCUITS 


CA3401E, CA3401G 


Quad Single-Supply 
Operational Amplifier 

For Automotive Electronics and Industrial 
Control Systems 

"G" Suffix Types — Hermetic Gold-CHIP in 
Dual-ln-Line Plastic Package 
"E" Suffix Types — Standard Dual-ln-Line 
Plastic Package 

The RCA-CA3401 is a high-gain monolithic 
quad operational amplifier designed specifi- 
cally for applications using a single positive 
power supply. No external compensation 
is necessary. Closed-loop stability in each of 
the four independent amplifiers is main- 
tained by a 3-pF on-chip capacitor. The 
CA3401 is ideally suited for applications in 
industrial control systems, automotive elec- 
tronics, and general purpose amplifiers, e.g. 
oscillators, tachometers, active filters, and 
multichannel amplifiers. 

The CA3401 is supplied in a 14-lead dual-in- 
line plastic package (E suffix), a hermetic 
gold-chip in 14-lead dual-in-line plastic pack- 
age (G suffix), in chip form (H suffix), and 
as a hermetic gold-chip (HG suffix). It 
is a direct replacement for the Motorola 
MC3401P, and is pin-compatible with the 
Motorola MC3301P and the National Semi- 
conductor LM3900N. The CA3401 can be 
operated over the temperature range of 
—55 to +125°C, although the limit values of 
certain specified electrical characteristics ap- 
ply only over the range of 0 to +75°C. 


Features: 

■ Single-supply operation — +5 V to +18 Vdc 

■ Internally compensated 

■ Wide unity-gain bandwidth — 5 MHz typ. 

■ Low input bias current — 50 nA typ. 

■ High open-loop gain — 2000 V/V typ. 

Applications: 

■ Automotive 

■ Constant-Current Sources 

■ Multivibrators 

■ Sample and Hold 

■ Square-Wave Generator 

■ Oscillators 

■ Tachometers 

■ Active Filters 

■ Multi-Channel Amplifiers 

■ Summing Amplifiers 


MAXIMUM RATINGS, Absolute-Maximum 
Values at T/\ = 25°C 


DC SUPPLY VOLTAGE . . . 

. +18 

V 

INPUT SIGNAL CURRENT . . 

5 

mA 

DEVICE DISSIPATION: 



Up to T A = 25°C 

625 

mW 

Above T a = 25°C . Derate linearly 5 mW/°C 


AMBIENT TEMPERATURE RANGE: 

Operating -55to+125°C 

Storage -65 to + 1 50°C 

LEAD TEMPERATURE (During soldering): 

At distance 1 /1 6 ± 1 /32 inch 
(1 .59 ± 0.79 mm) from case 
for 10 seconds max. 300 °C 



Fig. 1 — Block diagram of CA3401 . 



FREQUENCY ( ( ) — Hu 

92CS- 2 1641 

Fig. 2— Open-loop voltage gain vs. frequency. 



Fig.3 — Output resistance vs. frequency. 



Fig.5 — Open-loop voltage gain vs. supply voltage. 



©- 



©- 

©-■ 



©- 

©- 



•2CM-2I630 


Fig. 4 - Schematic diagram of CA3401. 
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LINEAR INTEGRATED CIRCUITS 


CA3401E, CA3401G 


ELECTRICAL CHARACTERISTICS AT T A = 25°C, V + = 15 V (Unless Indicated Otherwise) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. | Typ. Max. 

STATIC 

Output Voltage: 

High, Voh 


13.5 

14.2 




Low, Vol 

- 

filiSl 

a 

Max. Undistorted Output Swing, 

VOP-P 

0°C<Ta<75°C 

10 

m 

■ 

Output Current: 

Source, IsOURCE 


5 

H 

■ 

B 

Sink, IsiNK 

0.5 

1 

B 

Total Quiescent Current: Iq 
N oninverting inputs open 


_ 

B 

fl 

mA 

Noninverting inputs grounded 

- 

a 

14 

Input Bias Current, 1 ib 

RL =» Ta = 25°C 

- 

50 

300 

nA 

r l = oo 0 °C<Ta<75°C 

- 

- 

500 

DYNAMIC 

Open-Loop Voltage Gain, Aql 

Ta = 25°C 

1000 

2000 

- 

v/v 

0°C<Ta<75°C 

800 

- 

- 

Input Resistance, R| 


0.1 

1 

- 

M£2 

Slew Rate, SR 

Cl = 100 pF, R L = 5kn 

- 

0.6 

- 

V/jus 

Unity Gain Gandwidth, BW 


- 

5 

- 

MHz 

Phase Margin, 0 


a 

70 

- 

Degrees 

Power Supply Rejection 

f = 100 Hz 

a 

55 

- 

dB 

Channel Separation, eoi/eQ2 

f = 1 kHz 

- 

65 

- 

dB 


TEST CIRCUITS 



Fig. .6 — Open-loop gain and input resistance , 
input bias current and output current 
test circuit. 


V+«I5V 



V QH MEASURED WITH INPUT GROUNDED 
V QL MEASURED WITH INPUT BIASED AS SHOWN 
92CS-21 639RI 


Fig. 8 — Output voltage swing test circuit. 


v + * 15 V 



Iqi IS TOTAL QUIESCENT CURRENT WITH 
" + " INPUT OPEN. 

Iq2 IS TOTAL QUIESCENT CURRENT WITH 
"+" INPUT GROUNDED. 

92CS-2I638RI 

Fig. 7 — Quiescent power supply current 
test circuit . 

V + *I5 v 



Fig. 9 — Peak-to-peak output voltage 
test circuit. 



Fig. 10 — Supply current vs. supply voltage. 



SUPPLY VOLTAGE ( V + ) — V 

92CS-2I645 

Fig. 11 — Source current vs. supply voltage. 


1.5 

< 

E 

1 

Z 

H 1 

Z 

tc 

5 

| 0.5 

0 

AMBIENT TEMPERATURE <T A ) «25 # C 
LOAD RESISTANCE (R L )*5Kfl 

FOR TEST CIRCUIT SEE FIGURE 3 
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Fig. 12 — Sink current i/s. supply voltage. 
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LINEAR INTEGRATED CIRCUITS 


CA3600E 


COS/MOS Transistor Array 

For Linear Circuit Applications 


RCA-CA3600E is an array of COmplementarv-Svmmetrv MQS 
Field-Effect Transistors* on a monolithic silicon substrate. It is 
comprised of three n-channel and three p-channel enhancement- 
type MOS transistors arrayed as shown in Fig. 1,and specified 
and tested .for linear circuit operation. These transistors are 
uniquely suitable for service in complementary-symmetry 
circuits at supply voltages in the range of 3 to 15 volts and are 
useful at frequencies up to 5 MHz (untuned). Each transistor 

MAXIMUM RATINGS, Absolute-Maximum Values at T A =25°C 


in the CA3600E can conduct currents up to 10 mA. 
This device is supplied in the 14-lead dual-in-line plastic 
package. 

Formerly RCA Dev. No. TA6368. 

* The theory and construction of COS/MOS transistors are described in the 
"RCA COS/MOS Integrated Circuits Manual," RCA Solid State Division 
Technical Series Publication No. CMS-271. 


DISSIPATION: 

Any one transistor at T A up to 55°C 150 mW 

Total package at T A up to 55°C 750 mW 

Above T a = 55°C derate linearly 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE 

Operating 

Storage 

LEAD TEMPERATURE (During Soldering) 

At distance not less than 1/16” ± 1/32" (1.59 ± 0.79 mm) 

from case for 10 s max 265°C 

The Following Ratings Apply for Each Transistor in the Device: 


-55 to +125°C 
-65 to +150°C 


Features: 

■ High input resistance 100 GO, (typ.) 

■ Low gate-terminal current .... 10 pA (typ.) 

■ Matched p-channel pair: 


Gate-voltage differential (Ip =-100 juA) ±20 mV (max.) 

■ No "Popcorn" (burst) noise 

■ Stable transfer characteristics over an 
operating temperature range of — 55°C to +125°C 
when operated in complementary circuit configuration 
at supply voltages in the 5 to 15 volt range (see Fig. 14) 

■ Integrated integral gate-protection system (see Fig. 34) 

■ High voltage gain (see Fig. 11). . . up to 53 dB (typ.) 

per COS/MOS stage 

■ Individual MOS transistors have square-law characteristics, 

superior cross-modulation performance, and greater 
dynamic range than bipolar transistors 

Applications: 

■ High input impedance, general purpose amplifiers 

■ Pre-amplifiers 

■ Differential amplifiers 

■ Op-amps and comparators 

■ Constant-current sources and current mirrors 

■ Micropower amplifiers and oscillators 

■ Control of lamps, LED's, relays, and thyristors 

■ Timers 

■ Choppers 

■ Mixers 


DRAIN-TO-SOURCE VOLTAGE, V DS : 

n-channel +15V 

p-channel -15 V 

DRAIN-TO-GATE VOLTAGE, V DG : 

n-channel +15 V 

p-channel —15V 

SOURCE-TO-SUBSTRATE VOLTAGE, V SB : 

n-channel +15 V 

p-channel ’ —15 V 

GATE-TO-SOURCE VOLTAGE, V GS : 

p-channel transistors (p-j , p 2 , p 3 ) 0 V(min.) ,-V D (max.) 

n-channel transistors (n-, , n 2 , n 3 ) 0 V(min.),+V D (max.) 

COS/MOS transistor-pairs (pi-n^ p 2 -n 2 , p 3 -n 3 ). . 0 V(min.),+V DD (max.) 

DRAIN CURRENT, |l D | tOmA 

GATE CURRENT, |l G | 100 (iA 

The Following Rating Applies for Each COS/MOS Transistor-Pair in the Device: 

DC SUPPLY VOLTAGE (V DD - V ss ) +15 V 


Rules for Maintaining Electrical Isolation Between Transistors and Monolithic Substrate 

Terminal No. 14 must be maintained at the most positive potential (or equally positive potential) with respect to any other 
terminal in the CA3600E. 



Fig, 1 — Schematic diagram for CA3600B COS/MOS transistor array. 


1 . Drain terminal, p-channel of pair no. 2 

2. Source terminal, p-channel of pair no. 2 

3. Common gate terminal of pair no. 2 

4. Source terminal, n-channel of pair no. 2 

5. Drain terminal, n-channel of pair no. 2 

6. Common gate terminal of pair no. 1 

7. Source terminal, n-channel of pair no. 1 
and substrate connection for 

all n-channel transistors - - - Vgg terminal 


8. Drain terminal, n-channel of pair no. 1 

9. Source terminal, n-channel of pair no. 3 

10. Common gate terminal of pair no. 3 

11. Source terminal, p-channel of pair no. 3 

12. Common drain terminal of pair no. 3 

13. Drain terminal, p-channel of pair no. 1 

14. Source terminal, p-channel of pair no. 1 
and substrate connection for 

all p-channel transistors - - - Vqq termini 


Terminal No. 7 must be maintained at the most negative potential (or equally negative potential) with respect to any other 
terminal in the CA3600E. 


Terminal Identification for Fig. 1. 


Violation of these rules will result in improper transistor operation, circuit "latching” and/or possible permanent damage 
to the CA360QE. 


Note: Users should observe the "Considerations in Handling CA3600E Devices” 
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Fig. 2— Drain current vs. gate-to-source voltage . 
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Fig. 3— Drain current vs. drain -to-source voltage. 
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Fig. 4 — Drain current vs. ambient temperature ■ 
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ELECTRICAL CHARACTERISTICS, At T A =25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

TYPICAL 
CURVE OR 
CIRCUIT 
FIG. NO. 

LIMITS 

UNIT 

Min. 

Typ. 

Max. 

[ For Each p-Channel MOS Transistor f 

Drain Current 

'd 

Vds=-10V,V G s=- 3 - 6 V 

2.3.4 

-0.5 

-1.1 

-2.0 

mA 

Gate-to-Source Threshold Voltage 

V GS(th) 

l D =— 10 mA 

- 

- 

-1.75 

- 

V 

Gate-to-Source Voltage 

Differential (p-| vs. p 2 > 

| V GS1 -V GS2| 

I o =-100mA,V os =-10 V 

5 

- 

±4 

±20 

mV 

Forward Transconductance 

9fs 

Iq=— 1 mA,f=1 kHz 

6 

- 

920 

- 

Mmho 

Low-Frequency Noise Voltage 

e N 

l D =-1 mA,f=1 kHz,R s =0 SI 

7 

- 

0.03 

- 

mV 

Low-Frequency Noise Current 

'N 

l D =-1 mA,f=1 kHz,R $ =1 M SI 

7 

- 

0.2 

- 

pA jHz 

Current-Mirror 

Transfer Ratio (p^^) 

'mtr 

1^-100 mA.V qs =-10 V 

30 

0.7 

1.1 

1.5 

_ 

Gate-Terminal Current 

'gt 

V DS =-10V.V GS =-3.5 V 

- 

- 

10.015 

-40 

nA 

Input Capacitance 

C, 

- 

- 

- 

6.3 

- 

pF 

Output Capacitance 

c o 

- 

- 

- 

3 

- 

PF 

Input-to-Output Capacitance 

C IO 

- 

- 

- 

0.75 

- 

pF 

| For Each n-Channal MOS Transistor | 

Drain Current 

*D 

V DS =+10V.V GS = + 3.6V 

2.3,4 

0.4 

0.9 

1.6 

mA 

Gate-to-Source Threshold Voltage 

V GS(th) 

I d =10 mA 

- 

- 

1.5 


V 

Gate-to-Source Voltage 

Differential (n-j vs n 2 > 

| V GS1~ V GS2l 

l D =100 mA.V os =+10 V 

5 


±30 

- 

mV 

Forward Transconductance 

9fs 

Iq= 1 mA,f=1 kHz 

6 

- 

860 

- 

Mmho 

Low-Frequency Noise Voltage 

e N 

l D = 1 mA,f= 1 kHz,R $ =0 U 

7 

- 

0.2 

- 

mV >fHz 

Low-Frequency Noise Current 

'N 

l D =1 mA,f=1 kHz,R s =1 Ml) 

7 

- 

0.3 

- 

pA JHz 

Current-Mirror 

Transfer Ratio (n-j /r» 2 > 

'mtr 

i 1 =ioo^a,v ds =+io V 

29 

0.7 

1.3 

2.0 

- 

Gate-Terminal Current 

•gt 

V DS =+10V,V GS =+3.7V 

- 

- 

±0.01 

+40 

nA 

Input Capacitance 

C, 

- 

- 

- 

5.5 

- 

PF 

Output Capacitance 

c o 

- 

' - 

- 

2.0 

- 

PF 

Input-to-Output Capacitance 

C l-0 

- 

- 

- 

0.35 

- 

PF 

For Each COS/MOS Transistor Pair j 

Drain Current 

*DD 

V DD =+10V 

9,10 

1.0 

2.2 

4.0 

mA 

Drain-to-Source Cutoff Current 

'DD(off) 

v DD =+10 v,v ss =q v 

Gate Voltage(V G )=+lO V or 0 V 

8 

_ 

0.5 

100 

nA 

DC Output Voltage 

v o 

V OD = + 10V 

10 

4.2 

5.0 

5.8 

V 

Forward Transconductance 

9fs 

V DD =+1 ° v, f = 1 kHz 

6 

- 

2300 

- 

Mmho 

Slew Rate (Open-Loop) 

SR 

V dd = + 15V 

10 

- 

95 

- 

V/ms 

Amplifier Voltage Gain 

a ol 

V DD =+1 ° V f=1 kH *. R b =22 

R s =50 n 

10.11 

_ 

32 

_ 

dB 

Gate-Terminal Current 

'gt 

V DD = + 10V 

10 

- 

±0.005 

±20 

nA 

Broadband Output Noise Voltage 

e on 

v DD =+ 1 ° V R b =22 M«,R S =10 k ft 

10,11 

- 

500 

- 

mV 

1 nput Capacitance 

c l 

- 

- 

- 

11.8 


PF 

Output Capacitance 

c o 

- 

- 

- 

5.0 


pF 

Input-to-Output Capacitance 

C IO 

- 

_ 


1.1 


pi 



GATE -TO- SOURCE VOLTAGE DIFFERENTIAL | - V GS2 | — mV 

9ZCS-2I544 

Fig. 5— Gate-to-source voltage differential vs. drain current. 



Fig. 6— Forward transconductance vs. drain current. 



Fig. 7- Noise voltage and noise current vs. operating frequency. 
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Fig. 8— Drain to source cutoff current vs. ambient temperature. 



92CS-2I540 


Fig. 9 — Typical Vqq vs. Iqq characteristics for amplifier circuits 
of Fig. Wand Fig. IS. 
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+V DD 



Fig. 10~ COS/MOS transistor-pair biased for linear-mode operation. 



I • I 

I* 


INPUT VOLTAGE (V| N ) — V 

92CS- 21458 

Fig. 13 - Representation of voltage-transfer characteristics for 
COS/MOS transistor pair. 

The Basic COS/MOS Linear Amplifier 

P-n-p and n-p-n bipolar transistors have been used for many 
years in the design of so-called "true-complementary” linear 
amplifier circuits . Since mutually compatible p-channel and 
n-channel MOS/FET devices were not generally available, 
"true-complementary" amplifier circuits using MOS transistors 
were seldom used. Now, COS/MOS transistor technology^ has 
made it possible to supply compatible p-channel/n-channel 
transistors in monolithic 1C form such as the CA3600E 
COS/MOS transistor array shown in Fig. 1 . 

A 'True-Complementary" Linear Amplifier Using COS/MOS 
Transistors 

Fig. 10 shows the schematic diagram of a single-stage "true- 
complementary" linear amplifier using one pair of the com- 
plementary MOS transistors in the CA3600E, connected in a 
common-source circuit. Resistor R b is used to bias the 
complementary pair for Class A operation, as described 
subsequently, and R s represents the source resistance of the 
signal source. This generic amplifier is suitable for operation 
with a single or split voltage supply in the range of 3 to 15 
volts. Fig. 1 1 shows voltage gain as a function of operating 
frequency at various supply voltages for the single-stage 
amplifier. This amplifier is capable of producing very high 
output-swing voltages (V out ); for example, its output voltages 
can be swung to within several millivolts of either supply-voltage 
"rail". Fig. 9 shows typical supply voltage (Vqq) vs. supply 
current (Iq^) characteristics for the single-stage amplifier. The 
curves in Fig. 12 show the normalized amplifier supply current 
as a function of ambient temperature at various supply voltages. 
When the amplifier is operating at Vqq = 3 V, the supply cur- 
rent changes rapidly as a function of temperature because the 
MOS transistors are operating in the proximity of their 
individual gate-source threshold voltages. 

Voltage-Transfer Characteristics 

Fig. 13 illustrates a voltage-transfer characteristic curve of a 
COS/MOS transistor pair connected in the amplifier circuit of 
Fig. 10, with a biasing resistor (R b ) connected between the 
drain and gate terminals (10,12). If the p- and n-channel tran- 
sistors have identical characteristics, their channel resistances 
are equal, and the biasing method shown establishes a steady - 
state condition such that terminal 12 is at mid-potentiai 
between Vqq and ground. Thus, with negligibly small gate- 


APPLICATIONS 



Fig. 11- Typical voltage gain vs. frequency characteristics for 
amplifier circuit of Fig. 10. 



INPUT VOLTAGE (V, N ) — V 
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Fig. 14— Voltage transfer characteristics for COS/MOS transistor-pair 
amplifier in Fig. 10. 

source leakage resistances, under zero-signal conditions, the 
biasing resistor (R b ) establishes gate potential at the mid-point 
between V DD and ground, i.e., Vj n = V out . Under these 
conditions the amplifier is biased for operation about the 
mid-point ("0") in the linear segment on the steep transition 
of the voltage-transfer characteristic as shown in Fig. 13. 
When the input signal (Vj n ) swings in the positive direction, 
there is a reduction in the instantaneous output voltage (V Qut ) 
with respect to ground. Negative-going input signals have 
inverse effects. Thus, phase-inversion occurs in the COS/MOS- 
pair amplifier. Power-supply current isconstant during dynamic 
linear operation, i.e.. Class A amplifier service. When the 
signal input-voltage level (Vj n ) becomes very large, the output 
signal (V out ) waveforms become distorted because the tran- 
sistors are driven into the non-linear portions of their voltage- 
transfer characteristics. If the positive-going input-signal is 
sufficiently large, for example, the p-channel transistor can be 
driven to cutoff and the amplifier supply current (Iqq) is 
reduced to essentially zero. 

Fig. 14 shows typical voltage-transfer characteristics of each 
COS/MOS pair in the CA3600E at several values of Vqq. The 
shape of these transfer characteristics is comparatively constant 
despite temperature changes from -55 to +125°C. 

The biasing arrangement used in the circuit of Fig. 10 provides 
an easy method of establishing feedback for ac signals in 
accordance with the R b /R $ ratio. When the feedback of ac 
signals is not desirable, the circuit of Fig. 15 may be used. 
The ac bypass capacitor (C3) minimizes ac signal feedback. 

Cascading Amplifier Stages of COS/MOS Transistor Pairs 

Ultra-high-gain amplifiers can be designed by cascading stages 
of COS/MOS transistor pairs as shown in Fig. 16. The 
biasing system used is similar to that described above in 
connection with Fig. 10. The supply current for the three- 
stage amplifier shown in Fig. 16 is typically three times the 
values shown in Fig. 9. Gain and frequency-response charac- 
teristics of the amplifier are shown in Fig. 17. 



92CS- 21538 

Fig. 12— Normalized amplifier supply current vs. ambient temperature 
characteristics for amplifier circuit of Fig. 10. 



Fig. 15- Alternate method of biasing COS/MOS transistor-pair for 
linear-mode operation. 

Post- Amplifiers For Op-Amps 

COS/MOS transistor-pairs can be advantageously applied a: 
post-amplifiers for op-amps. Because the input impedance ol 
the COS/MOS pair is comparatively high, the op-amp operate: 
under essentially unloaded conditions. Each COS/MOS pair 
can sink and source output current up to about 10 mA, 
Additionally, the op-amp output can be directly coupled to 
bias the COS/MOS pair. A detailed description of the subject 
has been published previously. 

The schematic diagram in Fig. 18 shows a COS/MOS transistor 
pair serving as a post -amplifier to an RCA-CA3080 Operational 
Transconductance Amplifier. The approximate 30-dB gain in 
a single COS/MOS transistor-pair is an added increment to thi 
100-dB gain in the CA3080, yielding a total forward gain o 
about 130 dB. The open-loop slew rate of the circuit in Fig. 1G 
is approximately 65 V/jus. When compensated for the unity 
gain voltage-follower mode shown in Fig. 19, the slew rate i< 
about 1 V/ps. For greater current output, the two remaininc 
transistor pairs of the CA3600E may be connected in parallel 
with the single stages shown in Figs. 18 and 19. 

The use of the two-stage COS/MOS post -amplifier shown in 
Fig. 20 increases the total open-loop gain of the system to 
about 160 dB { 1 00,000 ,OOOX). Open loop slew rate remains at 
about 65 V/ps. A slew rate of about 1 V//is is maintained with 
this circuit connected in the unity -gain voltage-follower mode, 
as shown in Fig. 21. These circuits operate in concert with 
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Fig. 16- High-gain amplifier uses cascaded COS/MOS transistor-pair 
in CA3600E. 
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APPLICATIONS - Post-Amplifiers for Op-Amps (Cont'd) 





Fig. 17- Typical voltage gain vs. operating frequency characteristics 
for three-stage COS/MOS transistor-pair amplifier in Fig. 16. 


Fig. 18- COS/MOS transistor-pair used as post-amplifier to op-amp in 
open -loop circuit. 


Fig. 19— COS/MOS transistor-pair used as post-amplifier to op-amp 
in unity-gain circuit. 


Multivibrators, Threshold Detectors, and Comparators 

Descriptions of several circuits using COS/MOS transistor- 
pairs in both monostable and astable multivibrators have been 
published. The characteristics of COS/MOS pairs are also 
ideal for mating with micropower op-amps in circuits such as 
the precision multistable circuits shown in Fig. 22. In these 
circuits precise timing and thresholds are assured by the stable 
characteristics of the input differential amplifier in the CA3080 
Operational Transconductance Amplifier. Moreover, speed 
vs. power consumption tradeoffs can be made by adjustment 
of the Amplifier-Bias-Current (I ABC^ supplied to terminal 5 of 
the CA3080. The quiescent power consumption of the circuits 
shown in Fig. 22 is typically 6 mW, but can be made to operate 
in the micropower region by suitable modifications. 

The schematic diagram of a programmable micropower com- 
parator, shown in Fig. 23 employs the combination of an 
op-amp (CA3080A) and COS/MOS transistor-pairs in the 
CA3600E. Quiescent power consumption of the circuit is 
about 10 juWftyp.). When the comparator is strobed "ON", 
transistor PI is driven into conduction and the OTA becomes 
active. Under these conditions, the circuit consumes 420 /iW 
and responds to a differential-input signal in about 8 jus. 
By suitably biasing the CA3080A, the circuit response time 
can be decreased to about 150 ns but the power consumption 
is increased to 21 mW. The differential amplifier input 
common-mode range for this circuit is -1 V to +10.5 V. 
Voltage gain of this micropower comparator is typically 130 dB. 


-(v + -v _ )+ v + ~ v 0 



Fig. 22- Multistable circuits using COS/MOS transistor-pairs. 



Fig. 20- COS/MOS transistor-pairs used as two-stage post-amplifier to 
op-amp in open-loop circuit. 



Fig. 21- Unity-gain amplifier uses COS/MOS transistor-pairs as 
two-stage post-amplifier to op-amp. 



Fig. 23— Programmable micropower comparator. 
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Fig. 24- Open-loop gain characteristic for op-amp. 
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Oscillator Circuits 

Oscillator circuits using COS/MOS transistor-pairs have been 
widely used for several years in clock and watch circuits 
because of their low power consumption and good frequency 
stability. Details of their operating theory and characteristics 
have been published. 

The design of COS/MOS oscillator circuits, like the design of 
any oscillator circuit, involves the provision of an amplifying 
section to operate compatibly with an appropriate feedback 
network. A single stage amplifier using a COS/MOS transistor- 
pair has already been described. A suitable feedback network 
to insure stable oscillator performance is easily added, as 
illustrated in connection with the crystal oscillator circuit 
shown in Fig. 25, The familiar pi-network has been connected 
between the input and output terminals, points "D” and "G", 
to provide the required 180° phase shift for stable oscillator 
performance. The frequency-determining crystal is an integral 
part of the pi-network feedback circuit. The resistors R-| and 
R2 decrease the total power consumption of the oscillator at a 
particular supply voltage and enhance the frequency stability. 
Variable frequency oscillators can be built by replacing the 
crystal with an appropriate inductance and tuning the pi- 
network by conventional means. 



Fig. 25 — Typical crystal-oscillator circuit using COS/MOS 
transistor-pair (1/3 CA3600E). 


Current Mirrors Using MOS Transistors 

Monolithic linear IC's using bipolar transistors frequently 
employ so-called “current-mirror” circuits. The theory and 
practical applications of current mirrors using bipolar tran- 
sistors have been described in the literature. As shown in 
Fig. 26, a rudimentary form of "current-mirror" consists of a 
transistor Qj with a second transistor Q2 connected as a diode. 
When both transistors have identical characteristics, a 
current l-| forced to flow through Q2 produces a current (1 2) 
of equal magnitude to flow in the collector of (provided 
there is sufficient collector potential for Q-j). In a common 
form of application, a source of potential is used to force 
constant-current flow l-j, and thus to establish the flow of 
constant current I2 through Qj. Arrangements of this generic 
current-mirror type are frequently used when Qj acts as the 
common-emitter impedance in a differential-amplifier circuit. 
MOS transistors are also applicable as current mirrors, as shown 
in Fig. 29. The diode-connected MOS transistor N2 functions 
as a transistor with 100 per-cent feedback. Therefore, the 
gate-to-source voltage (Vq§) in N2 retains control of the drain 
current as in normal transistor action, i.e.. Ip s gf s VQg 
where gf s is the forward transconductance of the device. If a 
current l-j is forced into the diode-connected transistor (N2), 
the gate-to-source voltage will rise until equilibrium is reached. 
Thus, a gate-to-source voltage is established in N2 such that N 2 
"sinks" the applied current I -j . 


If the gate and source terminals of another transistor (N^ are 
connected in shunt with the gate and source terminals of N2, 
as shown in Fig. 27, N-j is also able to "sink" a mirror current 
approximately equal to that flowing in the drain lead of the 
diode-connected transistor N2. it is assumed that both MOS 
transistors have identical characteristics, a prerequisite that is 
essentially established by the monolithic 1C fabrication techno- 
logy used in manufacturing the CA3600E COS/MOS transistor 
array. 

Current mirrors can also be designed with p-channel MOS 
transistors as illustrated by the arrangement in Fig. 30 using 
transistors in the CA3600E. The characteristics of a current 
mirror using the p-channel transistors in the CA360QE are 
superior to those which can be achieved with a current mirror 
using the n-channel transistors because the characteristics of 
the p-channel transistors are more nearly matched. The data 




Fig. 28-Current mirror using p-channel MOS transistors in CA3600E. 


Complementary Current Mirrors Using COS/MOS Transistor- 
Pairs 

COS/MOS transistor-pairs can be applied advantageously in 
the design of Complementary Current-Mirrors, as shown in 
Fig. 30 . Transistors P-j and Nj are series-connected and biased 
for linear operation as previously described, so that there is a 
current flow Ip-j through Pj and N-j. The potential developed 
between terminals 13 and 14 is applied as gate-source (2,3) 
voltage for P2, forcing "mirror" operation of P2 to produce a 
current source Ip2.p equal to Ipj. Likewise, the potential 
developed between terminals 7 and 8 is applied as gate-source 
(3,4) voltage for N2 forcing "mirror" operation of to 
produce a current-sink Ip2-N e Qual to Ip-j. 

A variant of this complementary current mirror is used in the 
analog timer circuit shown in Fig. 28. Transistors P2 and N2 
are series-connected together with a 60-megohm resistor to 
establish their drain current at 5 nA. The potential developed 
across terminals 1 and 2 also appears as the gate-source voltage 
for transistor P^, thereby establishing a mirror-current source 
of 5 nA at terminal 13 to charge capacitor Cj linearity. In this 
circuit, the "mirrored" current-sink available at terminal 8 
(transistor Nj) is unused. This type of current-mirror con- 
figuration is exceptionally stable with temperature variations. 
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Fig. 26- Current mirror using n-p-n bipolar transistors. 



Fig. 29- Characteristics of current mirror circuit of Fig. 30 using 
p-channel transistors. 



1 D2-p 

(CURRENT SOURCE) 
tQZ-ft 

(CURRENT -SINK) 


1*02 -p * I D2-n ) 
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Fig. 30- Complementary current mirrors using COS/MOS 
transistor-pairs in CA3600E. 
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Fig. 27-Current mirror using n-channel MOS transistors. 
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Fig. 31— Normalized drain current ratio vs. ambient temperature for 
typical current mirror using p-channel transistors (Fig. 28 )■ 
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CA3724G, CA3725G 

High-Current N-P-N 
Transistor Arrays 

Four individual Sealed-Junction 
High-Current N-P-N Transistors 

The RCA-CA3724G and -CA3725G are high- 
current n-p-n transistor arrays each containing 
4 individual sealed-junction high-current 
n-p-n transistors. They are intended for high- 
current, high-speed switching and driver 
applications. 

These devices are alike except for break- 
down voltage ratings. 

The CA3724G and CA3725G are supplied in 
a 14-lead dual-in-line plastic package and 
operate over the full military temperature 
range of — 55°C to +125°C. The transistor 
chips used in these packages are of the 
sealed-junction type to provide protection 
against the deteriorating effects of humidity 
and other surface contaminants without the 
need for a hermetic package enclosure. 

The semiconductor junctions are sealed by 
utilizing a silicon nitride passivation layer. 
A multi-layered, highly corrosion-resistant, 
terminal-connection system of unique design 
is employed. 


Applications: 

■ Core-Memory Driver 

■ High-Speed Switching 

■ High-Current LED Driver 

■ High-Voltage Switching 

■ Relay and Solenoid Driver 

■ Lamp Driver 



V 1N . + 9.7V 
t r < I f>« 

PULSE WIDTH *I M * 
Z | « 50 £1 

DUTY CYCLE <2% 
I c « 500 mA.Ig « * 
Ib 2 ““SO mA 


Features: 

u High Current — 1 A 

■ High Breakdown Voltage: 

CA3725G * 80 V dc min. V(gR)CES 
@ \q “ 10 piA 

CA3724G = 70 V dc min. V(fjR)CES 
@ 1 q — 10 /iA 

■ Fast Switching Speeds: 

t on = 30 ns typ.@ Iq = 500 mA 
t Q ff = 36 ns typ. @ Iq = 500 mA 

■ “Hermetic Chip" Construction 

■ Silicon Nitride Passivated 

■ Platinum Silicide Ohmic Contacts 

■ Gold Chip-Metallization 

■ Electrically similar and pin compatible 

with industry types MPQ3724, MPQ3725; 
FPQ3724, FPQ3725; DH3724, DH3725; 
SP3724, SP3725 in similar packages 


NC 



Fig. 1 - Terminal diagram (top view). 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 




CA3724G 

CA3725G 


COLLECTOR-TO-EMITTER VOLTAGE 

V CEO 

40 

50 

V 

With Base Open 

COLLECTOR-TO-BASE VOLTAGE 

V CBO 

70 

80 

V 

With Emitter Open 

EMITTER-TO-BASE VOLTAGE 

V EBO • • • 

6 

6 

V 

With Collector Open 

COLLECTOR CURRENT 

POWER DISSIPATION: 

l c 

P D 

1.0 

1.0 

A 

At T^ up to 25°C: 

For Each Transistor 


1.0 

1.0 

W 

Total Package 

At T^ above 25°C derate linearly 


2.0 

20 

2.0 

W 

mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating 


-55 to +125 

-55 to +125 

°C 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 

-65 to +150 

-65 to +150 

°C 

At distance 1/32" (3.17 mm) from 

seating plane for 10 s max. 


300 

300 

°c 



Fig. 2— Switching time test circuit. 
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LINEAR INTEGRATED CIRCUITS 


CA3724G, CA3725G 


ELECTRICAL CHARACTERISTICS AT T A = 25°C 


Characteristic 

Test Conditions 

Limits 

Units 

CA3724G 

CA3725G 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Collector- to-Emitter Sus- # 
taining Voltage,VQ E Q(sus) 

1 q= 1 0 m A, 1 g = 0 

40 

- 

- 

50 


- 

V 

Collector-to-Emitter Break- 
down Voltage, V{ B r)q EB 

l c =10/iA,l B =0 

70 


- 

80 


- 

V 

Collector-to-Base Break- 
down Voltage,V (BR)CB0 

l c =1 0 AXA,I E =0 

70 


- 

80 


- 

V 

Emitter-to-Base Break- 
down Voltage, V( BR ) EB0 

l E =1 0 juA,l c =0 

6 

- 

- 

6 


- 

V 

Base-to-Emitter Saturation 
Voltage,V BE (sat)* 

Iq= 500 mA, 

1 3=50 mA 

0.75 

- 

1.0 

0.75 

- 

1.0 

V 

Collector-to-Emitter 

Saturation Voltage, V£ E ($at)* 

Iq= 500 mA, 

1 g— 50 m A 

- 

- 

0.5 

- 


0.5 

V 

Collector-Cutoff Current, 
f CBO 

V CB =40 V, 

•e=o 

- 

- 

1.7 

- 

- 

1.7 

/iA 

Static Forward-Current 
Transfer Ratio (Beta), 

h F E 

l c =1 00 mA, 
V CE =1.0 V 

Iq= 500 mA, 
v CE =i.o V 
! c =1 a,v ce =i.o V 

35 

30 

20 

- 

- 

35 

30 

20 


- 


Small-Signal Forward- 
Current Transfer Ratio, 

^fe 

Iq= 50 mA, 
v CE =io V, 
f=100 MHz 

2.0 

- 

- 

2.0 

- 

- 


Turn-On Time (See Test 

Ckt. Fig. 2), t on 

Iq= 500 mA, 

1 B i =50 m A 

- 


40 

- 


40 

ns 

Turn-Off Time (See Test 

Ckt. Fig. 2), t off 

Iq- 500 mA,l B 'j r = 

1 B 2 = 50 m A 

- 


60 

- 


60 

ns 

Emitter-to-Base 

Capacitance, C e b 

l c =0, 

V EB “0-5 V 

- 

95 

- 

- 

95 

~ 

pF 

Collector-to-Base 

Capacitance, C c j 3 

| E =0, 

v CB =iov 

- 

12 

- 

- 

12 

- 

PF 


*Puise conditions: width = 300 ^s; duty cycle = 1%. 
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LINEAR INTEGRATED CIRCUITS 


CA6078, CA6741 Types 


Operational Amplifiers 

CA6078AT — Micropower Type 
CA6741T — General-Purpose Type 

For Applications where Low Noise 
(Burst + 1/f) is a Prime Requirement 

Virtually free from "'popcorn" (burst) noise: 
device rejected if any noise burst exceeds 20 /xV (peak), 
referred to input over a 30-second time period. 

RCA-CA6078AT and CA6741T are low-noise linear 1C 
operational amplifiers that are virtually free of "popcorn" 
(burst) noise. 

These low-noise versions of the CA3078AT and CA3741T 
are a result of improved processing developments and rigid 
burst-noise inspection criteria. A highly selective test circuit 
(See Fig. 2) assures that each type meets the rigid low-noise 
standards shown in the data section. This low-burst-noise 
property also assures excellent performance throughout the 
t/f noise spectrum. 

In addition the CA6078AT and CA6741T offer the same 
features incorporated in the CA3078AT and CA3741T 
respectively, including output short-circuit protection, 
latch-free operation, wide common-mode and differential- 
mode signal ranges, and low-offset nulling capability. 

For detailed data, characteristics curves, schematic diagram, 
dimensional outline, and test circuits, refer to the Opera- 
tional Amplifier Data Bulletins File No. 531 and 535. In 
addition, for details of considerations in burst-noise 
measurements, refer to Application Note, ICAN-6732, 
"Measurement of Burst ("Popcorn") Noise in Linear IC's". 

The CA6078AT and CA6741T utilize the hermetically sealed 
8-lead TO-5 type package. The CA6078AT and the CA6741T 
can also be supplied on request with dual-in-line formed 
leads. These types are identified as the CA6078AS and 
CA6741S. This formed-lead configuration conforms to that 
of the 8-lead dual-in-line (Mini— Dip) package. 


top view CA6741T 



<m T 


Applications: 

m Low-noise AC amplifier 

■ Narrow-band or band-pass filter 

■ Integrator or differentiator 

■ DC amplifier 

■ Summing amplifier 


NOTE : PIN 4 IS CONNECTED TO CASE 


MCS-I02V7 


TOP VIEW 


CA6078AT 


COMPENSATION- 



NOTE : PIN 4 IS CONNECTED TO CASE 

Features: ,,c,,0 ~ 


Applications: 

■ Portable electronics 
• Medical electronics 

■ DC amplifier 

■ Narrow-band or band-pass filter 

■ Integrator or differentiator 

■ Instrumentation 

■ Telemetry 

■ Summing amplifier 


Features: 

■ Internal phase compensation 

■ Input bias current: 500 nA max. 

■ Input offset current: 200 nA max. 

■ Open-loop voltage gain: 50,000 (94 dB) min. 

■ Input offset voltage: 5 mV max. 


■ Open-loop voltage gain: 40,000 (92 dB) min. 

■ Input offset voltage:3.5 mV max. 

■ Operates with low total supply voltage: 

1.5 V min. (±0.75 V) 

■ Low quiescent operating current: 
adjustable for application optimization 

■ Input bias currant: adjustable to below 1 nA 


MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25° C 

DC Supply Voltage (between V+ and V— terminals) 

Differential-Mode Input Voltage 

Common-Mode DC Input Voltage* 

Device Dissipation: 

Up to 75°C (CA6741T), Up to 125° (CA6078AT) 

Above 75°C 

Temperature Range: 

Operating 

Storage 

Output Short-Circuit Duration* 

Lead Temperature (During soldering): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) 

from case for 10 seconds max 


CA6741T 

CA6078AT 

44 V 

36 V 

±30 V 

±6 V 

±15 V 

V+to V— 

500 mW 

250 mW 

Derate linearly 5 mW/0C — 

-55 to +125 °C 

-55 to +125 °C 

-65 to +150 °C 

-65 to +150°C 

No limitation 

No limitation 

300 °C 

300 °C 


*lf Supply Voltage is less than ±15 volts, the Absolute Maximum Input Voltage is equal to the Supply Voltage. 
* Short circuit may be applied to ground or to either supply. 



TIME — I0m»/Div. 

92CS-20299 

a. Typ. device with high-burst-noise charac- 
teristic. 



TIME — 20ms/DIV. 

92CS-20300 

b. Typ. device controlled for burst noise. 


Fig. 1 -Typ. waveforms of type with high burst noise and type 
controlled for burst noise. 



Fig. 3— In vs. Frequency for CA6078A T. 


v+ 


3.6 £ 1% kfl 



R s , a Rg2 -lOOka FOR CA674IT ANO 200 kn FOR CA6078AT 
* CA674IT OR CA6078AT 92CS-I9423 


Fig.2— Block diagram of burst-noise “popcorn" test equipment. 


!E " 

SUPPLY VOLTAGE : V + »6V, V--6V 
AMBIENT TEMPERATURE (T A )«25 # C 
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Fig.4-Ef\j vs. Frequency for CA6078AT. 
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LINEAR INTEGRATED CIRCUITS 


CA6078, CA6741 Types 


ELECTRICAL CHARACTERISTICS - CA6078AT. For Equipment Design. 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

Supply Volts: V+ » 6, V- » -6 
TA-2SOC, Iq ■ 20 pA 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

| NoiM Characteristic 1 

"Popcorn" 

(Burst) Noise 


Bandwidth = 1 kHz 

RSI = RS2 “ 200 ktt 

Device isrejected if the total noisevoltage 
(burst + 1/f), referred to input, exceeds 
20 /xV peak, during a 30-sec. test period. 

| Principal Characteristics (For detailed Electrical Characteristics refer to CA3078AT Data Bulletin, File No. 536.) j 

Input Offset Voltage 

V|0 

R S £10kfi 

- 


3.5 


Input Offset Current 

ho 


- 

0.5 

2.5 


Input Bias Current 

1|B 


- 

7 

12 

mem 

Open- Loop 

Differential 

Voltage Gain 

AOL 

RL^IOkft 

Vo * ±4V 

40,000 

100,000 

■ 

■ 

92 

100 

- 

dB 

Common-Mode Input Voltage Range 

VlCR 

V+ = V-= 15 V 

±14 

- 

- 

V 

Common-Mode Rejection Ratio 


RS^ lOkfi 

80 


- 

dB 

Output Voltage Swing 

Vo(P-P) 

RL^ 10 12 

±13.7 

±14.1 

- 

V 

Ri_£2kn 

- 

±14 

- 

Supply Current 

IQ 


- 

20 

25 

/xA 


ELECTRICAL CHARACTERISTICS - CA6741T, For Equipment Design. 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

Supply Volts; V+ - 15, V----15 
Ta-25°C 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

| Noise Characteristic 

"Popcorn" 

(Burst) Noise 


Bandwidth = 1 kHz 

R S1 “ R S2 “ 100 

Device isrejected if the total noisevoltage 
(burst + 1/f), referred to input, exceeds 
20 pV peak, during a 30-sec. test period. 

| Principal Characteristics (For detailed Electrical Characteristics refer to CA3741T Data Bulletin, File No. 531.) ) 

Input Offset Voltage 

V|0 

RS^ 10kS2 

- 

1 

5 

mV 

Input Offset Current 

ho 


- 

20 

200 

nA 

Input Bias Current 

l|B 


- 

80 

500 

nA 

Open- Loop 

Differential 

Voltage Gain 

aol 

R L ^ 2 k£2 

Vo = ±10 V 

50,000 

200,000 

' 


94 

106 

- 

dB 

Common-Mode Input Voltage Range 

VlCR 


±12 

±13 

- 

V 

Common-Mode Rejection Ratio 

CMRR 

Rs£ 10 k S2 

70 

90 

- 

dB 

Output Voltage Swing 

V 0 (P-P) 

R|_£ 10k a 

±12 

±14 

- 

V 

RL^2kft 

±10 

±13 


Supply Current 

IQ 


- 

1.7 

2.8 

mA 



92C5-20Z62 


Fig. 5-1 n w. Frequency for CA6741T. 


SUPPLY VOLTAGE: V*-6V, V---6V 
AMBIENT TEMPERATURE (T A )»25°C 
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Fig.6—Efg vs. Frequency for CA6741T. 



ENT(IN): TOTAL NOISE VOLTAGE, REFERRED TO INPUT 

(READING OBTAINED WITH QUAN-TECH METER) 

92C3- 20264 


Fig. 7— Test block diagram for E/g. 



TEST BLOCK 
DIAGRAM FOR 


Fig.8-Test block diagram for t/g. 


































LINEAR INTEGRATED CIRCUITS 


CD2500 Series 


BCD to 7-Segment 
Decoder-Drivers 

30mA and 80mA/Sepent 
DECODER-DRIVERS 
For Use With 
Low-Voltage Digital 
Display Devices, 

Lamps, and Relays 


FEATURES: 

• High current sinking capability 
For direct display driving 

• Intensity control provision 

• BCD inputs are compatible with commercially avail- 
able DTL & TTL devices 

• Lamp test provision 

• 5V power supply 

• Clamp diodes on all inputs 

• Lamp supply up to ♦ 8 volts 

• Ripple blanking capability 

• Decimal point output 

• Over-range detection (automatic blanking of display 
device when BCD input > 9) 


DP 0 ; Decimal Point Output 
DP| - Decimal Point Input 

DP| must be supplied from an 
external source 

CD2500E and CD2502E per- 
form the inverter-driver funct- 
ion necessary to energize the 
decimal point filament in the 
display device. 


V CC r 9 o b c d * 

n* n 15 n 14 n 13 n 12 n M n 10 n» 


U. u 2 Us i — 1 4 u s u« urui 

e c l/t dp o dp i ° * gnd 


Fig. 1 - CD2500E and CD2502E (with decimal point) 


ABSOLUTE MAXIMUM RATINGS at 25°C unless otherwise specified: 

Power Supply Voltage: 

Continuous (0°C to + 75°C) - 0.5 to + 5.5 V 


RCA CD2500E series 7-Segment DecoderDrivers are 
monolithic MSI integrated circuits which decode BCD 
(8-4-2-1 code) inputs to 7-line outputs representing a de- 
cimal number from 0 to 9 on 7-segment incandescent dis- 
play devices. 

RCA CD2500EandCD250lEare30mA per-output-line 
devices designed for use with incandescent display de- 
vices such as the RCA DR2000 and DR2010. The 
CD2500E, in addition to the outputs for the 7-segment 
display device, has a decimal point output; the CD250 IE 
also has a special-feature, a terminal to provide for rip- 
ple blanking output and intensity control input. The rip- 
ple blanking output blanks out all non-significant zeroes 
in the numerical display. The ripple blanking output ter- 
minal is also available for use as an intensity control 
input from an external variable pulse-width control source, 
as shown in Fig. 7. 


Pulsed (duration 1 second) - 0.5 to +8 V 

Input Voltage - 0.5 to + 5.5 V 

Output Voltage (open collector transistor) . . - 0.5 to + 8 V 

Operating Temperature Range 0° C to + 75°C 

Storage Temperature Range - 65 °C to + 150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 


V CC f 9 o b c d • 

n 16 n 15 n 14 n 13 n 12 n" n 10 rr 

RBq = Ripple-Blanking Output I 
& Intensity Control Input ? 

RB| = Ripple-Blanking Input 

Tim? O? TJTTJ? U« Ur U, 

B C Ur RBo *SI 0 A 6ND 

• ICS-I3MI 

Fig. 2-CD250JE and CD2S03E(with ripplo blanking 
and intensity control provision) 


RCA CD2502E and CD2503E are 80mA-per-line ver- 
sions of the CD2500E and CD2501E, respectively, and 
are designed for use with high-current lamps and relays. 

RCA CD2500E series devices arc supplied in 16-lead 
dual in-line plastic packages which can be used over the 
operating temperature range of 0°C to + 75° C. 



92CI-I5740SI 



Translator Q is "turned on" whan BCD coda equals 0 and 
Terminal 5 is at "0 Laval" (Grounded). When BCD cede is 
between 0 and 9, transistor Q is "open". Diode A end trans- 
istor are "open" when BCD code is > 9. 

Fig. 4- Equivalent output circuits 



Fig . 5 -Equivalent input circuit for terminals 1, 2, 
5,6 A 7 
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LINEAR INTEGRATED CIRCUITS 


CD2500 Series 

ELECTRICAL CHARACTERISTICS at Ambient Temperature (T^) Indicated 


CHARACTERISTICS 

SYMBOLS 

MEASUREMENT 

TERMINALS 

TEST 

CONDITIONS 

o°c 

+ 25° C 

+ 75° C 

UNITS 

MIN. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

MAX. 

Input High Voltage 
(Logic 1) 

V IH 

1, 2.5.6. & 7 

Input high threshold voltage 

2.0 

_ 

2.0 

- 

- 

2.0 

- 

V 

3 

V C c = 4.75V.I, H =0 

Ground all other inputs 

2.4 

- 

2.4 

- 


2.4 

- 

V 

Input Low Voltage 

(Logic 0) 

V 

1, 2, 5, 6, & 7 

3 

Input low threshold voltage 

_ 

0.85 

0.45 


_ 

0.85 

0.45 

_ 

0.85 

0.45 

V 

Input Forward 

Current 

*IL 

1. 2. 5. 6, & 7 


V CC = 5.25 V 

- 

- 1.6 

- 

- 1.0 

- 1.6 

- 

- 1.6 

mA 

( CD2501E 

3 \ CD2503E 

- 

- 10.0 

- 

- 

- 10.0 

- 

- 10.0 

j CD2500E 

3 ( CD2502E 

- 

- 10.4 

- 

- 

- 10.4 

- 

- 10.4 

1, 2, 5, 6, & 7 

v F = 0 
Terminal 3 
only 

V C C = 4 * 7 5 V 

- 

- 1.41 

- 

- 

- 1.41 

- 

- 1,41 

mA 

f CD2501E 

3 ( CD2503E 

- 

- 9.0 

- 

- 

- 9.0 

- 

-9.0 

( CD2500E 

3 \ CD2502E 

- 

-9.4 


- 

- 9.4 

- 

- 9.4 

Input Reverse 

Current 

‘lH 

1, 2. 5. 6. & 7 

V cc = 5.25 V 
Terminal 3 
grounded 

V R = 4.5 V 

- 

40 

- 

- 

40 

_ 

60 


V R = 2.4V 

- 

40 

- 

- 

40 

- 

40 

Output Low Voltage 

< 

o 

r 

( CD2500E 

9 thru 15 < 

( CD2501E 

and 4 of CD2500E 

V cc = 4.75 V 

Iql =30mA 


0.40 

- 

0.30 

0.40 


0.40 

V 

( CD2501E 
( CD2503E 

V CC = 5.25, ‘OL = 3 - 2 mA 
V cc = 4.75, Iql = 2.82 mA 

: 

0.45 

0.45 

_ 

0.30 

0.30 

0.45 

0.45 

: 

0.45 

0.45 

/ CD2502E 

9 thru 15 < 

( CD2503E 

and 4 of CD2502E 

V CC = 4.75 V 

Iql = 80 mA 

- 

1.0 

- 

0.60 

1.0 

- 

1.0 

Output High Voltage 

V OH 

9 thru 15 -All types 

, , 1 CD2500E 
and 4 of < 

\ CD2502E 

V CC = 5V 

*0H = A A 

8.0 

- - J 

- 

8.0 

- 

- 

8.0 

- 

V 

4-CD2501E, CD2503E 

V CC = 4,75 V( *0H = “ 24 0m A 

2.4 

- 

2.4 

- 

- 

2.4 

- 


input Capacitance 

C !N 

1, 2, 5,6, & 7 

V C C = 5.0 V 

- 

- 

- 

3 

5 

- 

- 

PF 

Power Supply 

Current Drain 

(Terminal 16) 

•cc L 

CD2501E 

CD2503E 

V CC =5.0V 

( Segment Output Currents -0) 

Terminal 3 Grounded 

- | 

- 


48 

- 


- 

mA 

CD2500E 

CD2502E 

- 

- 


50 

- 


- 


•u> 
•i i e 


Fig. 6 ‘Digital display device segment designation 


WHOLE NUMBER 


,, 8 + 


DECIMAL FRACTION 



f 7— SEGMENT 
( DISPLAY 

DEVICE 

Vccl 

n 


I 

l c 
[ sc ! 

9 a 
D2J 

zS 

dSL 

bcde 

>0»E 

“da 


t 7 -SEGMENT 
DISPLAY DEVICE 
WITH DECIMAL “ 


:NT^\ 7-SEGMENT /-SEGMENT^. ^ 7— SEGMENT 

VICE ) ( OISPLAY ] [ DISPLAY ) DISPLAY ) 

' AL ^ V DEVICE J DE VICE J DEVICE J 


BCD INPUTS 


^ 7- SEGMENT 
DISPLAY 
DEVICE 

V CC + 


n 


l C 

[bc: 

g o b c d e 
:D250IE 

!j“ “ DA 



92CM- 15763*1 


e Resistor pull-up output T^L, DTL, or RTL inverter. 


* Suppression of the non-significant zeroes (at both extremes 
of the display) is accomplished by grounding the RBj terminal 
of the devices associated with the most significant digit of the 
whole part of the number displayed and the least significant digit 
of the fractional portion of that number. 


Fig. 7 - Typical ripple blanking and intensity control application diagram using RCA CD2501E 
and display devices DR2000 or equivalents (See Table A) 
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LINEAR INTEGRATED CIRCUITS 


CD2500 Series 


TRUTH TABLE 



X = Don't care (0 or 1 entry has no effect) DP ( = Decimal Point Input 

L/t = Lamp test °P 0 = Decimal Point Output 

RB| = Ripple Blanking Input 
RB q = Ripple Blanking Output 


8 + 



BCD-INPUTS 


9?CS- 15751 

Fig. 8 -Typical decimal point footuro application 
diagram using RCA CD2500E and RCA display 
dmvico DR2010 (or oquivalont) 


TABLE A 

DISPLAY 

TYPE 


DEVICE 

OF 

CHARACTERISTICS 

TYPE 

DISPLAY 


DR2000 

1 1 
i : 

Required Driving Current * 

24 ± 2 mA per segment 

DR2010 

i i 
x i__i 

0.6" Letter height 
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Applies- 

Features tions 


MOS Field-Effect 
(MOS/FET) Devices 


Industrial Types 


Single-Gate 


Dual- 

Dual- Gate Single- 

Gate Pro- Gate 

tected 


rrrrrrrrrrrrNjft-^jft^^ 

ZZZZZZZZZZZZZooSoSo 

WPOMMCOCOCOMCOPOCOPOM^^^^^^ 


Consumer Types 


Dual-Gate 


Dual-Gate 

Protected 


CSl^finC^CNOr-CNCDCOCO^tOOOLpCDCDr^r^r^ 


W't«^S! 2 0 r ‘NMt- 

oor^rrilNWCMM^ 

SSSzzzSSSSS 




Low-Leakage 


High-Gain 


Gain-Controlled 


Premium-Performance 


All MOS/FET devices are supplied in the JEDEC TO-72 package 


EH«MEDEDD 













































































MOS FIELD-EFFECT DEVICES 


3N128, 3N143 


Silicon MOS Transistors N-Channel Depletion Types 

For Amplifier, Mixer, & Oscillator Applications in Military & 

Industrial VHF Communications Equipment Operating up to 250 MHz 


RCA-3N128 and 3N143 are N -channel depletion-type silicon 
insulated-gate field-effect transistors utilizing the MOS* 
construction. The 3N128 is intended primarily for VHF 
amplifier service in military and industrial applications. It 
also is extremely well suited for use in dc and low-frequency 
amplifier applications requiring a transistor having high 
power gain, very high input impedance, and low gate leakage. 

The 3N 143 is designed for use as a VHF mixer and oscillator. 
Because of their improved transfer characteristic and in- 
creased dynamic range the 3N128 and 3N143 provide 
substantially better cross-modulation performance in linear 
amplifier applications than conventional (bipolar) transistors 
and are free frorh diode-current loading common to junction 
type FET’s. These transistors are hermetically sealed in 
JEDEC TO -72 metal packages. 

ELECTRICAL CHARACTERISTICS: (At T A = 25° C) 


Maximum Ratings, Absolute-Maximum Values at m 25 C: 


*DRAIN-TO-SOURCE VOLTAGE, V DS +20 V 

*DRAIN-TO-GATE VOLTAGE, Vjx; +20 V 

♦GATE-TO-SOURCE VOLTAGE, V G S‘ 

Continuous dc +1,-8 V 

Peak ac ±15 ( V 

♦DRAIN CURRENT, I p 50 mA 

♦TRANSISTOR DISSIPATION, P x : 

At Ambient up to 25 °C 330 mW 

Temperatures above 25° Derate 2.2 mW/°C 

♦AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65to+175°C 

♦LEAD TEMPERATURE (During soldering): 

At distances not closer than 1/32 inch to 

seating surface for 10 seconds maximum 265 °C 


♦In accordance with Jedec Registration Data Format JS9-RDF11B. 


Performance Features 

■ Large dynamic range 

■ Greatly reduces spurious responses in rceiver front ends 

■ Permits use of vacuum-tube biasing techniques 

■ Excellent thermal stability 

■ Superior crossmodulation capability 

Device Features 

■ Low noise figure (3N128) - 3.5 dB typ. at 200 MHz 

■ High VHF amplifier gain (3N128) — 16 dB typ. at 200 MHz 

■ Low input capacitance — 5.5 pF typ. 

■ High transconductance — 7500 pmho typ. 

■ High input resistance — 10^4 £2 typ. 

■ High conversion gain (3N143, mixer) — 13.5 dB typ. at 
200 MHz 

Applications 

■ VHF amplifiers, mixers, converters and if-amplifiers in 
communication receivers. 

■ High-impedance timing circuits 

■ Detectors, oscillators, frequency multipliers, phase 
splitters, pulse stretchers and current H pilfers 

■ Electrometer amplifiers 

■ Voltage-controlled attenuators 

■ High impedance differential amplifiers 


TERMINAL DIAGRAM 



1 - Drain 

2 - Source 

3 - Insulated Gate 

4 Bulk (Substrate) 
and Case 



* SEE FIG. I FOR CIRCUIT 9ZCS-I489I 


Fig. 2 -Noise figure measurement setup for 3NJ28 


(1.8 V RMS) 



Fig. 3 - Conversion power gain test circuit for 3N 143 


Measured with Substrate Connected to Source Unless Otherwise Specified. 





LIMITS 


CHARACTERISTIC 

SYMBOL 

CONDITIONS 

3N128 

3N143 

UNITS 




MIN. 

TYP 

MAX. 

MIN. 

TYP. 

MAX. 


Gate Leakage Current 

'gss 

Vqs = 0, = -8V Ta = 25°C 

Yqs = 0, Vq S = -8 V Ty\ - 125°C 


- 

0.1 

50 

5 

- 

0.1 

1000 

200 

pA 

nA 

Zero-Bias Drain Current 

'dss 

V D S = 15V, V GS = 0 

5 

15 

25 

5 

15 

30 

mA 

Drain-to- Source Cutoff Current 

•DM 

Vds = 20V, V GS = -8 V 




50 

- 

- 

50 

/jA 

Gate-to-Source Cutoff Voltage 

V GS (off) 

V D S = 15V, I D = 50/xA 

-0.5 

-3 


8 

-0.5 

-3 

-8 

V 

Forward Transconductance 

8fs 

Vqs = 15 V, Iq = 5mA, f = 1 kHz 

5,000 

7,500 

12,000 

5,000 

7,500 

12,000 

/imho 

Drain-to-Source Channel Resistance 

r DS( on ) 

V DS = 0, V GS = 0,f = lkHz 



200 

- 

- 

200 

- 

n 

Small-Signal Short-Circuit 

Reverse Transfer Capacitance 1 

c rss 

Vqs = 15 V, l D =5mA,f =0.1 to 1MHz 

0.15 

0.25 

0.35 

0.12 

0.25 

0.38 

PF 

Small-Signal Short-Circuit Input Capacitance 

c iss 

VQS = 15V i l D =5mA,N0.1to 1MHz 

- 

• 

5.5 

7 

- 

5,5 

7 

PF 



Common-Source Configuration 










Input Admittance 

Y is 

f = 200 MHz 

- 

0.4+J7.3 

- 

- 

- 

- 

mmho 

Forward Transfer Admittance 

^ss 

V os = 15 Volts 

- 


7 — J2 


- 

- 

_ 

- 

mmho 

Output Admittance 

Yos 

Iq = 5 mA 

- 

0.28 +J1.8 

- 

- 

- 

- 

mmho 

Maximum Available Power Gain 

MAG 

Vqs = 15 V, Ip = 5 m A, f = 200 MHz 
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dB 

Insertion Power Gain (Fixed Neutralization) 
See Fig. 1 

G PS 

13.5 

16 



- 

- 

- 

dB 

Power Gain (Conversion 
(See Fig. 3) 

Gps(c) 

v DS = 15V ' , D = lmA . f in = 200MHz 

f ou t = 30 MHz 



- 



10 

13.5 

- 

dB 

Noise Figure (See Fig. 1 & 2) 

NF 

Vq$ a 15V, l D =5mA,f = 200MHz 



3.5 

3 

- 

- 

- 



♦Inaccordance with JEDEC Registration Data Format JS9-RDF-11B. 
^Three-Terminal Measurement: Source Returned to Guard Terminal. 



or equivalent 


All Rt*i*lo>s in ohmi and 1 4 I 
unlan otharMia ipaciliad 
All Capacitors m pF 


* TUBULAR CERAMIC 
w DISC CERAMIC 92CS-I4892RI 


r equivalent 


ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from Cl end 
of winding 

L 2 : Same -as L 1 except winding length approx. 0.7"; no tap. 


Fig. 1 - Test circuit used to measure 200-MHz maximum 
usable power gain and noise figure for 3N128 
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MOS FIELD-EFFECT DEVICES 


3N128, 3N143 


(source and substrate grounded 

AMBIENT TEMPERATURE (Ta>*25“C 


25 



0 5 10 15 20 

DRAIN-TO-SOURCE VOLTS (Vo$) 

92CS-I6090 


Fig . 4 -Drain current vs. drain-to-source voltage 
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Fig. 7 • Forward transconductance vs. drain current 



92CS-I6096 

Fig. 10 - Reverse transadmittance vs. drain current 
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GATE-TO- SOURCE VOLTS <V G S> 
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Fig. 5 -Drain current vs. gate-to-source voltage (Vq$) 



Fig . 8 -Input admittance vs. drain current 



Fig. 11 - Reverse transadmittance vs. drain-to-source 
voltage 



Fig. 14 -Output admittance vs. drain current 



Fig. 6- Forward transconductance vs. gate bias voltage 



92 CS-I 6095 


Fig. 9 -Input admittance vs. drain-to-source voltage 
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Fig. 15 -Output admittance vs. drain-to-source voltage 
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MOS FIELD-EFFECT DEVICES 


3N138 


SILICON MSULATED GATE FIELD-EFFECT TRANSISTOR 

For Critical Chopper Applications and Multiplex Service in 
Instrumentation and Control Circuits 


N^Channel Depletion Type 


TERMINAL DIAGRAM 


RCA-3N138 is a silicon, insulated-gate field- 
effect transistor of the N-channel depletion type, 
utilizing the MOS* construction. It is intended pri- 
marily for critical chopper and multiplex applica- 
tions up to 60MHz. 

The insulated gate provides a very high value of 
input resistance (10 14 ohms typ.) which is relatively 
insensitive to temperature and is independent of 
gate-bias conditions (positive, negative, or zero 
bias). The 3N138 also features extremely low feed- 
through capacitance (0.18pF typ.) and zero inherent 
offset voltage. 

The 3N138 is hermetically sealed in the JEDEC 
TO-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 


* Metal-Oxide-Semiconductor. 


Maximum Ratings , Absolute-Maximum Values: 

( Substrate connected to source unless otherwise specified) 
DRAIN-TO-SOURCE 


VOLTAGE, Vds 

- 35 max. V 

DRAIN-TO-SUBSTRATE 

VOLTAGE, V»b 

- 35, —0.3 max. V 

SOURCE-TO-SUBSTRATE 
VOLTAGE, V sb 

■* 35, —0.3 max. V 

DC GATE-TO-SOURCE 

VOLTAGE, Vcs 

+ 10 max. V 

PEAK GATE-TO-SOURCE 
VOLTAGE, Vcs 

* 14 max. V 

PEAK VOLTAGE, GATE-TO-ALL 
OTHER TERMINALS: Vcs, V r .i», 
Vgb, non-repetitive 

- 45 max. V 

DRAIN CURRENT, Ip (Pulse duration 

20 ms, duty factor < 0.10) 

. . 50 max. mA 

TRANSISTOR DISSIPATION, Pt: 

At ambient temperatures up to 25°C . 

330 max. m W 

above 25°C Derate linearly at 2.2'mW/°C 

AMBIENT TEMPERATURE 
RANGE: 

Storkge 

-65 to +150 °C 

Operating 

-65 to +125 °C 

LEAD TEMPERATURE 
(Duping Soldering) : 

At distances > 1/32" to seating sur- 
face for 10 seconds max. 

265 max. °C 



1 - Drain 

2 - Source 

3 - Insulated Gate 

4 - Bulk (Substrate) 

and Case 



GATE -TO- SOURCE VOLTS (V GS ) 

92CS-1973I 

Fig. 1 - Drain Current us Gate-to-Source Voltage 



ELECTRICAL CHARACTERISTICS, at Ta = 25° C, Unless Otherwise Specified. Substrate Connected to Source. 


CHARACTERISTICS 

SYMBOLS 

— 

TEST CONDITIONS 

LIMITS 

Type3N138 

UNITS 

Min. 

Typ. 

Max. 

Gate-Leakage Current 

l(;ss 

V (JS = + 10, Vds = 0, Ta - 25°C 

Vcs = ±10, Vj>s = 0, T a = 125°C 

- 

0.1 

20 

10 

200 

pA 

pA 

Drain-to-Source “ON” Resistance 

rns(on) 

V«b = 0, V„ 9 = 0, f = 1 KHz, T a = 25°C 

V (iS = + 10, Vds = 0, f = 1 KHz, T v - 25°C 
V (:s = o, V],s - 0, f = 1 KHz, T x = 125°C 

- 

240 

135 

350 

350 

S l 

u 

a 

Drain-to-Source “OFF” Resistance 

Rns(off) 

< 

II 

1 

< 

it 

± 

2X 10 8 

101 « 


n 

Drain-to-Source Cutoff Current 

li»(off) 

Vcs= —10, V,>s = +1, T\ = 25°C 

Vcs — -10, V„H = +1, Ta = 125°C 


0.01 

0.01 

5 

0.5 

nA 

mA 

Small-Signal, Short-Circuit, Reverse 
Transfer Capacitance 

Crss 

Vcs = -10, Vds = 0, f = 1 MHz 

- 

0.25 

0.4 

pf 

Small-Signal, Short-Circuit, Input 
Capacitance 

c,. s 

V(;s = -10, V„s = 0, f = 1 MHz 

- 

3 

5 

pF 

Zero-Gate-Bias Forward Transconductance 

gf- 

Vds = 12 , Iq = 5 m A 

- 

6000 

- 

/imho 

Offset Voltage 

Vfl 

Vcs = ± 10, Vds = 0 

- 

0* 

- 

V 


In measurements of Offset Voltage, thermocouple effects and contact 
potentials in the measurement setup may cause erroneous readings of 1 
microvolt or more. There errors may be minimized by the use of solder 


having a low thermal e.m.f. such as Leeds & Northrup No. 107-1.0.1, 
or equivalent. 


Features 

• excellent thermal stability 

• zero inherent offset voltage 

• low leakage current: 10 pA max. 

• low “on” resistance — 

fusion) = 2400 typ. (V GS = OV) 

• high “off” resistance — 

R„,(off) 10 lu Q typ. 

• low feedback capacitance — 

C ISS = 0.1 8pF typ. 

• low input capacitance — 

C ISS - 3pF typ. 

Applications 

• Servo Amplifiers 

• Telemetry Amplifiers 

• Computer Operational Amplifiers 

• Sampling Circuits 

• Electrometer Amplifiers 


30 

25 

a 20 

a 

:::: 



trif 

:::: 

:::: 


;::r 


;:-+tir 

++±t ; ±+±±+ : 

tEE 

HE 










# 

g 

1 


g 

i 

M 

-~3 

i 

1 

*4 


1 

1 





'Fry 



■mT ? MlTi 

H 



: ::: 




p 

m 



TO 

11 

1 

m 

ELE 

EEE 

EEp 

EEE 

M 

g 


gp 

1 



1 



~ 

~E 

rrrr 




S; 




5 


DRAIN MILLIA 

O oi O 

7?^ 


3p 

--jl 

2EE 

■Jr.: 






os 

W 

% 

Y 

i 

----- 

E-t 

Sri 

i 



n 

Eau 

11 

I 

i 

I 

:our 

: AME 

41 Hi 

Ijj 

CE A 
3IENT 

she 

T- : 

ND 

Tl 

m 

SUBS' 

EMPER 

rRATE GRO 
ATURE (T A ] 

UN 

1*2 

IDED 

!5°C 

EE 


-4 -Z 0 2 4 6 8 10 

GATE-TO-SOURCE VOLTS (V G <- ) 

92CS- 1973? 


Fig. 3 — Drain Current vs Gate-to-Source Voltage 



92CS-I9653RI 

Fig. 4 — Low-Level Drain Current vs 
Drain-to-Source Voltage 



92CS-I4652RI 

Fig. 5 — Drain-to-Source Static Resistance vs 
Gate-to-Source Voltage 
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MOS FIELD-EFFECT DEVICES 


3N139 


SILICON 


MOS TRANSISTOR 


N-Channel Depletion Type 


For Audio, Video, and RF Amplifier Applications in 
Communications, Instrumentation and Control Circuits 


RCA 3N139 is a silicon, insulated-gate field- 
effect transistor of the N-channel depletion type, 
utilizing the MOS* construction. It is a general purpose 
transistor especially suited for audio, video, and rf 
applications, and for wide-band amplifier designs. The 
insulated gate provides a very high input resistance 
(10 14 Q typ.) which is relatively insensitive to tempera- 
ture and is independent of gate-bias conditions (positive, 
negative, or zero bias). The 3N139 also has a high 
transconductance, a low value of input capacitance 
(3 pF typ.), and a very low feedback capacitance 
(0.19 pF typ.). 

The 3N139 is hermetically sealed in the standard 
4-lead JEDEC TO-72 package. 


Maximum Ratings, Absolute-Maximum Values: 


DR AIN-T O-SOU RC E VOLTAGE, V DS ... +35 max. V 

DRAIN-TO-SUBSTRATE VOLTAGE, V DB +35, -0.3 max. V 
SOURCE-TO-SUBSTRATE 

VOLTAGE, V SB +35, -0.3 max. V 

DC GATE-TO-SOURCE VOLTAGE, V GS . ±10 max. V 

PEAK GATE-TO-SOURCE VOLTAGE, V G S ±14 max. V 
PEAK VOLTAGE, GATE-TO-ALL OTHER 
TERMINALS; V GS , Vqd. V GB , non- 

repetitive ±42 max. V 

DRAIN CURRENT, I D 50 max. mA 

TRANSISTOR DISSIPATION, P T : 

At ambient temperatures up to 25°C 330 mW 

above 25°C Derate linearly at 2.2 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage -65 to +175 °C 

Operating -65 to +175 °C 

LEAD TEMPERATURE (During Soldering): 

At distance not closer than 1/32 inch to 

seating surface for 10 seconds max. . . 265 max. °C 

* Metal-Oxide-Semiconductor 


FEATURES 

• high input resistance 

R os -lO'-l fi typ. 

• low input capacitance 

C iss = 3 pF typ * 

••low feed back|capacitance 
C rss = 0.2 pF typ. 

• low gate leakage current 

•gSS =0 '1 nA typ ‘ 

• high drain-to-source voltage: +35 max. V 


TERMINAL ARRANGEMENT 



1 - Drain 

2 - Source 

3 - Insulated Gate 

4 - Buik (Substrate) 

and Case 


ELECTRICAL CHARACTERISTICS, at T A = 25° C Unless Otherwise Specified. Bulk (Substrate) Connected to Source 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

FREQUENCY 

f 

DC 

DRAIN-TO- 

SOURCE 

VOLTAGE 

Vds 

DC 

GATE-TO- 

SOURCE 

VOLTAGE 

Vgs 

DC 

DRAIN 

CURRENT 

Id 

MHz 

V 

V 

mA 

Min. 

Typ. 

Max. 

Drain-to-Source Cutoff Current 

i d (off) 


15 

-8 


- 

- 

50 

mA 

Zero-Bias Drain Current* 

*DSS 


15 

0 


5 

15 

25 

mA 

Gate Reverse Current 

IGSS 

T a = 25°C 

0 

±10 


- 

- 

1 

nA 

T a = 100°C 

0 

±10 


- 

- 

100 

nA 

Gate-to-Source Cutoff Voltage 

vgs(off) 


15 


0.05 

-2 

-4 

-6 

V 

Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate) 

Crss 

1 

15 


5 

0.05 

0.2 

0.4 

pF 

Input Resistance 

r is 

100 

15 


5 


12 

- 

kn 

Input Capacitance 

Ciss 

100 

15 


5 

- 

3 

10 

pF 

Output Resistance 

r os 

100 

15 


5 


6 

- 

k O 

Output Capacitance 

Cess 

100 

15 


5 

- 

1.4 

- 

pF 

Forward Transconductance 

9fs 

1 kHz 

15 


5 


5 

- 

mmho 



Fig. 1 — Drain Current vs Drain Voltage 



Fig. 2 — Drain Current vs Gate-to-Source Voltage 
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Fig. 3 — 1 KHz forward transconductance vs drain current 



Fig. 4 — 1 KHz forward transconductance vs gate-to-source 
voltage 
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MOS FIELD-EFFECT DEVICES 


3N140, 3N141 


SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTORS 


For Amplifier and Mixer Applications Up to 300 MHz 


RCA-3N140 and 3N141* are n-channel silicon, depletion 
type, dual insulated-gate, field-effect transistors util- 
izing the MOS** construction. They have exceptional 
characteristics for rf-amplifier and mixer applications at 
frequencies up to 300 MHz. These transistors feature a 
series arrangement of two separate channels, each 
channel having an independent control gate. 

The 3N140, used in a common-source configuration in 
which gate No. 2 is ac grounded, reduces oscillator feed- 
through to the antenna thereby minimizing oscillator 
radiation. The 3N141 provides excellent isolation be- 
tween the oscillator and rf signals because each of the 
two signal frequencies being mixed has its own control 
element. 

The mixing function performed by the 3N141 is unique in 
that the signal applied to gate No.2 is used to modulate 
the input-gate (gate No. 1) transfer characteristic. This 
technique is superior to conventional “square law” 
mixing, which can only be accomplished in the non- 
linear region of the device transfer characteristic. 

The use of the 3N141 as described provides high useful 
conversion gains at all vhf frequencies, and the reduc- 
tion in spurious responses is substantial and easily 
obtainable in simple circuits. 


Maximum Ratings, Absolute-Maximum Values, at T ^ = 25°C 


DRAIN-TO-SOURCE VOLTAGE, V DS . . 0 to +20 V 

GATE No. 1-TO-SOURCE VOLTAGE, Vqis: 

Continuous (dc) -8 to + 1 V 

Peak ac . . -8 to +20 V 


GATE No.2-TO-SOURCE VOLTAGE, V G2 s: 


Continuous (dc) -8 to 40% of V^g V 

Peak ac -8 to +20 V 

DRAIN-TO-GATE VOLTAGE, 

VDG1 OR Vd G2 +20 V 

DRAIN CURRENT, I D 

(Pulsed): Pulse duration £ 20 ms, 

duty factor ^ 0. 15 50 mA 

TRANSISTOR DISSIPATION, P x : 

At ambient ) up to 25°C 400 raW 

temperatures > above 25°C derate linearly at 

2.67 m W/°C 

AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 

LEAD TEMPERATURE (During soldering): 

At distances £ 1/32 inch from 

seating surface for 10 seconds max. . 265 °C 


The 3N140 and 3N141 are hermetically sealed in metal 
JEDEC TO-72 packages. 


* Formerly Dev. Nos. TA2644 and TA7274, respectively. 
** Metal-Oxide-Semiconductor. 


APPLICATIONS 

• RF amplifier and mixer in military and industrial 
communfcations equipment 

• aircraft and marine vehicular receivers 

• CATV and MATV equipment 

• telemetry and multiplex equipment 

PERFORMANCE FEATURES 

• wide dynamic range permits large-signal handling 
before overload 

• dual-gate permits simplified age circuitry 

• virtually no age power required 

• greatly reduces spurious responses in fm receivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

• superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET's 

DEVICE FEATURES 

• low gate leakage currents - - 

IG1SS & IG2SS = 1 nA max. at Ta = 25°C 


ELECTRICAL CHARACTERISTICS, at Ta = 25 °c Unless Otherwise Specified. Common-Source Circuit. 


CHARACTERISTICS 

— 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

TYPE 3N140 

RF AMPLIFIER 

TYPE 3N141 

MIXER 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Gate No.l-to-Source Cutoff Voltage 

V Gls (off> 

V DS = + 16V, l D = 200 mA 

V G2S = +4V 

- 

-2 

-4 

- 

-2 

-4 

V 

Gate No.2-to-Source Cutoff Voltage 

Vq2s^®^ 

V DS ^ + 16V, l D = 200 ^A 

V G1S = 0 


-2 

-4 

- 

-2 

-4 

V 

Gate No.l Leakage Current 

*G1SS 

V G1S = -aw. V G2S = 0 

V DS = 0. t A = 25°C 

- 

* 

1 

* 


1 

nA 

V G1S = +lv ' V G2S * 0 

V DS = °. t A = 25 5c 


- 

1 

* 

- 

1 

nA 

V G lS = - 20V . V G2S ’ 0 

V DS = 0. t A - 125°C 


- 

0.2 

- 

- 

0.2 

mA 

Gate No.2 Leakage Current 

I G2S$ 

V G2S = - 20v . V G1S " 0 

V DS'°. T A = 2 5 ff C 



1 

- 


1 

nA 

v C2s = *1V 

V DS = V G1S = °. T A ’ 25 ° C 



1 



1 

nA 

V G2S = -20V, V G1S = 0 

V DS = 0, T a = 125°C 



0.2 

* 


0.2 

mA 

Zero-Bias Drain Current 

f DSS 

V DD= * 14v . V G1S-°. 

V G2S ° * 4 

5 

18 

30 

5 

18 

30 

mA 

Forward Transconductance 
(Gate No.l to Drain) 

g fs 

V DD = +14V - '0 = 10 mA 

V G2S = +4V ' f = 1 kHz 

6000 

10000 

18000 

6000 

10000 

18000 

wnh0 

Cutoff Forward Transconductance 
(Gate No.l to Drain) 

g fs (off) 

V DD = + 14V. V Q1S = -0.5V 
V G2S = - 2V * f = 1 kHz 



100 

* 

- 


iimho 

Small-Signal, Short-Circuit 

Input Capacitance* 

C iss 

V DS = +13v - '0 = 10 mA 

Vq 2 s = +4V, f * 1 MHz 

3 

5.5 

7 

3 

5.5 

7 

pF 

Small-Signal, Short-Circuit Reverse 
Transfer Capacitance (Drain to 

Gate No.l)* 

C rss 

V DS = +13V, l 0 * 10 mA 

V G2S " +4V > f “ 1 MHz 

0.01 

0.02 

0.03 

0.01 

0.02 

0.03 

pF 

Small-Signal Short-Circuit 

Output Capacitance 

C 0 ss 

Vqs = + 13V, l D = 10 mA 

V G2S = +4V - f = 1 MHz 


2.2 


- 

2.2' 

- 

pF 

Power Gain (See Fig. 1 
for Measurement Circuit) 

G ps 

V DD = + 15V, R s = 270 H . 
f = 200 MHz, R q = 50 H 

16 

18 





dB 

Conversion Power Gain 

(See Fig.2 for Measurement Circuit) 

G psc 

Vqd = + 15V, R s = 120 fi, 
f, N = 200 MHz, f 0UT = 30 MHz 
Oscillator injection voltage* 

= 2.5 V (rms) 




13 

17 


dB 

Measured Noise Figure 

(See Fig.l for Measurement Circuit) 

NF 

V DD = +15V - R S = 270fi 
f = 200 MHz, Rq = 50^ 

- 

3.5 

4.5 




dB 


* Pusle test: Pulse duration < 20 ms, duty factor < 0.15. 

* Capacitance between Gate No.l and all other terminals. 


* Three-Terminal Measurement with Gate No.2 and Source Returned to 
Guard Terminal. 

* Measured from gate No.2 to source. 


• high forward transconductance — 

gf s = 6000 pmho min. 

• high unneutralized RF power gain - - 

G ps - 16 dB min. at 200 MHz 


e low VHF noise figure — 4.5 dB max. at 200 MHz 
TERMINAL DIAGRAM 



* Disc ceramic. All resistors in ohms 

* Tubular ceramic. All capacitors in pF 

* Ferrite bead (1/2 used); Indiana General No.Hl742C-(A-147), 
F-1157-1-H 

Cj, C 2 : 1.5-5 pF variable air capacitor: E.F. Johnson Type 160-102 
or equivalent. 

Co: 1-10 pF piston-type variable air capacitor: JFDTypeVAM- 
010, Johanson Type 4335, or equivalent. 

C-: 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH-13 or equivalent. 

Lj: 5 turns silver-plated 0.02" thick, 0.07 -0.08 " wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from Cj endof 
winding. 

I_ 2 : Same as L^ except winding length approx. 0.7"; no tap. 

Fig J - 200 MHz power gain and noise figure test circuit 
for type 3N140. 
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MOS FIELD-EFFECT DEVICES 


3N140, 3N141 



Q = 3N 141. 

* Disc ceramic. 

* Tubular ceramic. 
All resistors in ohms 
All capacitors in pF 


Ci, Co: 1.5-5 pF variable air capacitor: E.F. Johnson Type 160-102 
or equivalent. 

C 3 : 1-10 pF piston-type variable air capacitor: JFDTypeVAM- 
010, Johanson Type 4335, or equivalent. 

C.: 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH-13 or equivalent. 

L,: 5 turns silver-plated 0.02" thick, 0.07 ’^0.08 " wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from C\ endof 
winding. 

L^: Ohmite Z-144 RF choke or equivalent. 

L 3 : J.W. Miller Co. #4580 0.1 mH RF choke or equivalent. 

Note: If 50 O meter is used in place of sweep detector, a low pass 
filter must be provided to eliminate local oscillator voltage 
from load. 



92CS- 15109 

Fig.3 - NF vs Vg25- 


92CS- 15108 

Fig. 2 - Conversion power gain test circuit 
for type 3N141. 



92CS- I5IIO 


FigA - NF vs Ip. 



GATE No l-TO-SOURCE VOLTS (V G | S ) 


92 CS - 1479081 

FigJ -l D vs V C1S . 
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GATE No. 2-TO-SOURCE VOLTS (V G2S ) 

92CS- 15049 

F/g. 5 - Gp$ vs Vq 2S ^ For 3N140). 
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Fig.8 - l D vs Vq2s- 
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OSCILLATOR INJECTION VOLTAGE AT GATE No 2 (V L o) — VOLTS (rm*l 


92CS- ISill 

Fig. 6 - Gp$(C) vs ^LO (For 3N141). 
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Ffg.9 - y js vs V DS . 
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Fig-10 - y os vs V DS . 


92CS 14783 


Fig.H - Yf s vs V DS- 


Fig-12 - y rs vs V DS* 
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SUSCEPTANCE <b f8 > — MILLIMHOS SUSCEPTANCE (b f ,)-MICROMHOS 


MOS FIELD-EFFECT DEVICES 










MOS FIELD-EFFECT DEVICES 


3N142 


Silicon MOS Transistor N-Channel Depletion Type 
For Industrial and Military Applications to 175 MHz 

Maximum Ratings, A bsolute-Maximum Values at T ^ — 25° C 


The-3N142 is a silicon, insulated-gate field-effect 
transistor of the N-channel depletion type utilizing the 
MOS - construction. 

The-3N142 is intended primarily for use as the rf 
amplifier in FM receivers and general amplifier applica- 
tions at frequencies up to 175 MHz. 

The wide dynamic range of the 3N142 reduces cross- 
modulation effects in AM receivers and .minimizes the 
generation of spurious responses in FM receivers. 

* Metal-Oxide -Semiconductor 

Applications 

• RF amplifier. Mixer, and Oscillator in: 

CB and Mobile Communication Receivers 
Aircraft ond Marine Receivers 

CATV and MATV Equipment 

• Industrial Control Circuits 
e Variable Attenuators 

• Current Limiters 

• Instrumentation Equipment 

• High-Impedance Timing Circuits 


* DRAIN-TO-SOURCE 

VOLTAGE, Vos ^20 V 

* DRAIN-TO-GATE 

VOLTAGE, Vog -20 V 

* GATE-TO-SOURCE 

VOLTAGE, Vgs: 

Continuous H to — 8 V 

Peak ac M5 V 

* DRAIN CURRENT, Id 50 mA 

♦TRANSISTOR DISSIPATION, P T : 

At ambient j up to 25°C 330 mW 

temperatures | above 25 °C Derate at 2.2mW/°C 

♦AMBIENT TEMPERATURE 
RANGE: 

Storage —65 to +175 J C 

Operating —65 to +175 °C 

♦LEAD TEMPERATURE 
{During Soldering): 

At distances > 1/32" from seating 
surface for 10 seconds max 265 °C 


* In accordance with JEDEC Registration Data Format JS-9 
RDF11-B 


Performance Features 

m Large dynamic range 

■ Enhanced signal-handling capability for low 
cross-modulation 

■ Dual-polarity gate permits positive and negative 
swing without degradation of input impedance 

■ Reduced spurious responses in FM receivers 

■ Permits use of vacuum-tube biasing techniques 

■ Excellent thermal stability for critical oscillator 
designs 

Device Features 

■ High input resistance - 1000 megohms 

■ Low feedback capacitance - 0.35 pF max. 

■ Low noise figure - 2.5 dB typ. 

■ High useful power gain - 
neutralized - 16 dB min. at 100 MHz 

■ Hermetically sealed TO - 72 metal package 


TERMINAL DIAGRAM 



LEAD 1 - DRAIN 

LEAD 2- SOURCE 

LEAD 3 - INSULATED GATE 

LEAD 4 - BULK (SUBSTRATE) AND CASE 


ELECTRICAL CHARACTERISTICS: (At T A - 25° C) 


Measured with Substrate Connected to Source Unless Otherwise Specified. 


CHARACTERISTICS 

SYMBOLS 

CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Gate Leakage Current 

>GSS 

VDS'O. V GS = -8 V. Ta = 25°C 

VdS -0. V gs = -8 V. T A = 125° C 
V D S-O.V gs -G,Ta = 25 0 C 
v DS = o, v G s ' + 1. T A • 125° c 


0.0001 

0.0001 

1 

200 

1 

200 

n A 
nA 
nA 
nA 

Zero-Bias Drain Current** 

•dss 

VDS - 15 v, V GS = 0 

5 

15 

25 

mA 

Drain-to-Source Cutoff Current 

iD(off) 

vos 20 v ( vgs = -8 v 



50 

pk 

Gate-to- Source Cutoff Voltage 

V GS (°ff) 

VDS ^ 15 v, Id ^ 50 .. A 

-0.5 

-3 

-8 

V 

Forward Transconductance 

gfs 

VDS - 15 v, Id -5 mA. f 1 kHz 

5000 

7500 

12,000 

^mho 

Drain-to-Source Channel Resistance 

rosfon) 

V DS " V GS - 0. f - 1 kHz 


200 


n 

Small-Signal Short-Circuit . 

Reverse Transfer Capacitance^ 

Crss 

VDS = 15 V. Id = 5 mA. f =0.1 to 1 MHz 

0.10 

0.22 

0.35 

PF 

Small-Signal Short-Circuit Input Capacitance 

Ciss 

Vds r 15 V, Id 5 mA. f - 0.1 to 1 MHz 

1 

5.5 

7 

PF 

Input Admittance 

Y is 

Common Source Configuration 
f = 100 MHz 

V D S = 15V 

ID * 5 mA 


0.155+J3.45 


mmho 

Forward Transfer Admittance 

Y fs 

- 

7.5- JO. 9 

- 

mmho 

Output Admittance 

^os 

- 

0.21+J0.9 

- 

mmho 

Maximum Available Power Gain 

Maximum Usable Power Gain 
(Fixed Neutralization) 

MAG 

Vds - 15 V. Id -5 mA. f - 100 MHz 


26 


dB 

MUG 


17 


Insertion Power Gain** 

(Fixed Neutralization) 

Gps 

16 



dB 

Noise Figure** 

1 , NF .. 

Vds = 15 V, Id = 5 mA. f -100 MHz 


2.5 

4 

dB 


* In accordance with JEDEC Registration Data Format JS-9 RDF-1 IB J Three-Terminal Measurement: Source Returned to Guard Terminal 

**See Fig. 1 



Ti Ni = 6 Turns*20 Tinned Copper Wire; V*" I.D. 14" Long 
Qo = 205, Ni/N2 = 4.85 

T 2 Ni + N 4 = 6 % Turns*20 Tinned Copper Wire %" I.D. ^i^Long 
Qo = 190N1/N2 = 1.9 N 1 /N 3 = 12.3 N 1 /N 4 = 8 
Ci = 10 pF Variable Air Capacitor (Hammarlund Mac-10 or Equivalent) 

C 2 = 5 pF Variable Air Capacitor (Hammarlund Mac-5 or Equivalent) 

C 3 = 0.7-3 pF Piston-Type Variable Air Capacitor (Erie 535C or Equivalent) 
Q = 3N142 


Fig. 1 - Test Set Up for 100 MHz Insertion Power Gain and 
Noise Figure 


For characteristics curves, refer to types 3N128 and 3N143. 
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MOS FIELD-EFFECT DEVICES 


3N152 


Silicon MOS Transistor N-Channel Depletion Type 


For Low-Noise RF Applications in Military & 
Industrial VHF Communications Equipment 
Operating up to 250 MHz 

RCA-3N152 is an N-channel depletion -type silicon insulated 
gate field-effect transistor utilizing the MOS* construction. It 
is intended primarily for VHF amplifier applications up to 
250 MHz in military and industrial equipment. 

Because of its improved transfer characteristic and ex- 
ceptionally wide dynamic range, the 3N152 with the 
substrate in the reversed bias mode can provide substantially 
better cross-modulation performance in linear amplifier 
applications than conventional bipolar transistors. The insu- 
lated gate with its extremely low reverse (leakage) current 
eliminates the problem of diode-current loading of the input 
circuit under strong input conditions, which is common to 
junction-type FET’s. These features in addition to low 
feedback capacitance permit the design of circuits providing 
superior high-frequency operation and high gain without 
neutralization. The 3N152 utilizes full-gate construction and 
is hermetically sealed in a JEDEC TO-72 metal package. 

■ Metal-Oxide-Semiconductor. 


Maximum Ratings, Absolute-Maximum Values at T A = 25° C: 


* DRAIN-TO SOURCE VOLTAGE, V DS +20 max. V 

* DRAIN-TO-GATE VOLTAGE, V DG +20 V 

* GATE-TO-SOURCE VOLTAGE, Vq S : 

* CONTINUOUS (dc) +1,-8 max. V 

* PEAK ac ±15 max. V 

* DRAIN CURRENT, I D 50 max. mA 

TRANSISTOR DISSIPATION: 

At ambient (up to 25 °C 330 max. mW 

temperatures) above 25 °C derate at 2.2 mW/°C 

* AMBIENT TEMPERATURE RANGE: 

Storage -65 to +175 °C 

Operating -65 to +175 °C 

* LEAD TEMPERATURE (During Soldering): 

At distances not closer than 1/32 inch to 

seating surface for 10 seconds maximum 265 max. °C 


* In accordance with Jedec Registration Data Format JS-9 RDF 1 1-B. 


Features 

• Low gate leakage current — 

•gss = 01 P A l VP 

• Low feedback capacitance — 

C rss = 0 25 P F tyP- 

• High forward transconductance — 

gf s = 7500 p mho typ. 

• High vhf power gain — 

Gp S « 16 dB typ. at 200 MHz 

• Low vhf noise figure — 

N F = 2.5 dB typ. at 200 MHz 

• Exceptionally good cross-modulation characteristics 


Performance 

• Large dynamic range 

• Greatly reduced spurious responses 

• Permits use of vacuum-tube biasing techniques 

• Excellent thermal stability 

• Superior cross-modulation performance and greater 
dynamic range than bipolar transistors 


ELECTRICAL CHARACTERISTICS AT T A = 25°C 

Measured with Substrate Connected to Source Unless Otherwise Specified 





LIMITS 


CHARACTERISTICS 

SYMBOLS 


3N152 

UNITS 


Min. 

Typ. 

Max. 

Gate Leakage Current 

'gss 

V DS = °. V GS = - 8V * t A = 25 ° c 


0.0001 

1 

nA 

V DS = 0. V GS = -8 V. T A - 125°C 



200 

nA 

Zero-Bias Drain Current 

'dss 

Vq S = 18 v. v GS = 0 

5 

15 

30 

mA 

Drain-to-Source Cutoff Current 

l D loff) 

V DS - 20 V. V GS = -8V. 



50 

*iA 

Gate-to-Source-Cutoff Voltage 

v GS (° ff ) 

V DS = 15 v * 'D = 5° mA 

-0.5 

3 

-8 

V 

Forward Transconductance 

9fs 

V DS = 15 V, l D = 5 mA. f - 1 kHz 

5000 

7500 

12,000 

Mmho 

Drain-to-Source Channel Resistance 

r D S<on) 

V D S = °- V GS = 0. f = 1 kHz 


200 


S i 

Small-Signal Short-Circuit 

Reverse Transfer Capacitance* 

Crss 

V DS = 15 V - *D ’ 5 mA - f = 0.1 to 1 MHz 

0 15 

0.25 

0.35 

pF 

Small-Signal Short-Circuit Input Capacitance 

C.ss 

V DS 15 V, l D = 5 mA. f = 0.1 to 1 MHz 


5.5 

7 

pF 

Input Admittance 

Y .s 

Common Source Configuration 
f = 200 MHz 


0.4 * J7 3 


mmho 

Forward Transfer Admittance 

Y fs 

V DS ^ 15 V. 


7-J2 


mmho 

Output Admittance 

Y os 

1 Q 5 m A 


0.28 t J1.8 


mmho 

Power Gain 

Maximum Available Gain 

MAG 



21 


dB 

Insertion Power Gain (Fixed .nation) 
Neutralization) See Fig.1 

Gps 

V DS I 5 V. Iq = 5 mA. f 200 MHz 

14 5 

16 


dB 

Noise Figure (See Figs. 1 & 2) 

NF 

Vqs 15 V. Iq 5 mA. t 200 MHz 


2.5 

35 

dB 


A Three-Terminal Measurement. Source Returned to Guard Terminal. 
* In accordance with JEDEC Registration Data Format JS-9 RDF-1 IB. 


TERMINAL ARRANGEMENT 



1 - Dram 

2 - Source 

3 - Insulated Gate 

4 - Bulk (Substrote) 

and Case 



* SEE FIG I FOR CIRCUIT 92CS-'489i 



Fig. 2 - Noise figure measurement setup. 


Cj, C2: 1-5-5 pF variable air capacitor: E. F. Johnson T ype 160-102 

or equivalent 

C3: 1-10 pF piston-type variable air capacitor: JFD Type 

VAM-010. Johanson Type 4335, or equivalent 
C4, C5: 0.3-3 pF piston-type variable air capacitor: Roanwell Type 

MH-13or equivalent 

Li : 5 turns silver-plated 0.02" thick, 0.07"-0.08" wide copper 

ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from Ci end 
of winding 

L2: Same as Li except winding length approx. 0.7"; no tap 


For characteristics curves, refer to types 3N128 and 3N143. 


Fig. 1 - Test circuit used to measure 200-MHz maximum usable power gain and noise Figure. 
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MOS FIELD-EFFECT DEVICES 


3N153 


SILICON INSULATED GATE FIELD-EFFECT TRANSISTOR 

N-Channel Depletion Type 


RCA 3N153 is a silicon, insulated-gate field-effect 
transistor of the N-channel depletion type, utilizing the 
MOS* construction. It is intended primarily for critical 
chopper and multiplex applications up to 60 MHz. 

The insulated gate provides a very high value of 
input resistance (10lO ohms typ) which is relatively in- 
sensitive to temperature and is independent of gate-bias 
conditions (positive, negative, or zero bias). The 3N153 
also features extremely low feedback capacitance 
(0.34 pF typ) and virtually zero inherent offset voltage. 

This transistor features a Terminal Arrangement in 
which the gate and source connections are interchanged 
to provide maximum isolation between the output (drain) 
and the input (gate) terminals. Although this new basing 
configuration does not appreciably change the measured 
device feedback capacitance, it permits the use of 
external inter-terminal shields to reduce the feedback 
due to external capacitances, particularly on printed 
circuit boards. This feature makes it possible to mini- 
mize feedthrough capacitance. 

The 3N153 is hermetically sealed in the JEDEC 
TO-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 


Maximum Ratings, Absolute-Maximum Values: 

(Substrate connected to source unless otherwise specified) 


DRAIN-TO-SOURCE VOLTAGE, V D S • • • +20 max. V 
DRAIN-TO-SUBSTRATE VOLTAGE, V D B- +20, -0.3 max. V 
SOURCE-TO-SUBSTRATE 

VOLTAGE, V S B +20, -0.3 max. V 

DC GATE-TO-SOURCE VOLTAGE, VqS • -*6,-8 max. V 
PEAK GATE-TO-SOURCE 

VOLTAGE, vqs ±14 max. V 

DRAIN CURRENT, Ip 
(Pulse duration 20 ms, duty factor 

Z 0. 10) 50 max. mA 

TRANSISTOR DISSIPATION, P T : 

At ambient temperatures 

from -65 to +25°C 400 max. mW 

above 25°C derate linearly at 2.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage -65 to +175 °C 

Operating -65 to +175 °C 

LEAD TEMPERATURE 
(During soldering): 

At distance g 1/32" to seating 

surface for 10 seconds max 265 max. °C 


* Metal-Oxide-Semiconductor 

ELECTRICAL CHARACTERISTICS, at Ta = 25°C, Unless Otherwise Specified. Substrate Connected to Source. 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

Type 3N153 

UNITS 

Min. 

Typ. 

Max. 

Gate-Leakage Current 

! GSS 

V G S=+6,-8V;Vds=0V;Ta= 25°C 
Vqs =+6,-8V; Vos =0V; Ta = 125°C 


0.1 

50 

1 

pA 

nA 

Static Drain-to-Source 
"0N M Resistance 

r DS (°ii) 

vgs=ov, v 0 s=ov 


200 

300 

Q 

Drain-to-Source 
"OFF” Resistance 

R D s(° f f) 

VgS = -8V,V D S = + 1V 

IQ 9 

ioio 


n 

Drain-to-Source 

Cutoff Current 

l D (off) 

VgS=-8V,V D S=*1V,Ta= 25°C 
Vgs=-8V,V 0 s = + 1V i Ta=125 0 C 


0.1 

0.1 

fl 


Small-Signal, Short-Circuit, 

Reverse Transfer Capacitance 

^rss 




0.5 

0.38 

PF 

PF 

Small-Signal, Short-Circuit, 

Input Capacitance 

^iss 

VgS - *8V, Vqs = GV, f = 1 MHz 

- 

6 

8 

PF 

Small-Signal, Drain-to-Source 
Capacitance 

Cds 

VDS-OV, V G S =-8V ( f = 1 MHz 



3 

PF 

Zero-Gate-Bias 

Forward Transconductance 

g fs 

VGS=0V, V DS - + 15V 


10,000 

- 

^mho 

Offset Voltage 

Vo 

VGS = + 6,-8V; V DS =0V 


0 + 


V 


* In measurements of Offset Voltage, thermocouple effects and contact potentials in the measurement setup may cause erroneous readings of 
1 microvolt or more. These errors may be minimized by the use of solder having a low thermal e.m.f., such as Leeds & Northrup No.107-1.0.1, 
or equivalent. 


FEATURES 

• excellent thermal stability 
e virtually zero inherent offset voltage 
e low leakage current: 50 pA max. 
e low "on" resistance — rp^^ = 200Q typ. 
e high "off ' resi stance — RpS(off) ~ 10^® Q typ. 
e low feedback capacitance — C fSS = 0.34 pF typ, 
e low input capacitance — Cj ss = 6 pF typ. 


APPLICATIONS 

• Choppers 
e Multiplexers 
e Servo Amplifiers 
e Computer Operational Amplifiers 
e Sampling Circuits 
e Electrometer Amplifiers 


TERMINAL DIAGRAM 



2 - Source 

3 - Insulated Gate 

4 - Bulk (Substrate) 

and Case 


SUBSTRATE CONNECTED TO SOURCeI 
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MOS FIELD-EFFECT DEVICES 


3N154 

Silicon MOS Transistor N-Channel Depletion Type 


For Critical Amplifier Applications in Military & Industrial 
VHF Communications Equipment Operating up to 250 MHz 


RCA 3N154 is an n-channel depletion-type silicon 
insulated- gate field-effect transistor utilizing the MOS - 
construction. It is intended primarily for vhf amplifier 
applications up to 250 MHz in military and industrial 
equipment. 

Because of its improved transfer characteristic and 
exceptionally wide dynamic range, the 3N154 can provide 
substantially better crossmodulation performance in 
linear amplifier applications than conventional bipolar 
transistors. The extremely low gate leakage current 
eliminates diode-current loading of the input circuit 
under strong signal conditions, a problem which is common 
to junction-type FET’s. These features, in addition to 
low feedback capacitance, permit the design of circuits 
providing superior high-frequency operation and high gain 
without neutralization. The 3N154 utilizes full-gate 
construction and is hermetically sealed in a JEDEC 
TO-72 metal package. 


■ Metal-Oxide- Semiconductor 


Maximum Ratings, Absolute -Maximum Values at T A = 25°C: 


♦ DR AIN-TO-SOURCE VOLTAGE, V DS +20 V 

♦DRAIN-TO-GATE VOLTAGE, V[)G +20 V 

♦ GATE-TO-SOURCE VOLTAGE, V Gg : 

♦ CONTINUOUS (dc) +1,-8 V 

♦ PEAK ± v 

♦ DRAIN CURRENT, Ip 4 5° mA 

♦ TRANSISTOR DISSIPATION: 

At ambient | up to 25°C 330 mW 

temperatures^ above 25 °C derate at 2.2 mW/ C 

♦ AMBIENT TEMPERATURE RANGE: 

Storage 1° + 175 C 

Operating to + 175 


LEAD TEMPERATURE (During Soldering): 

At distances not closer than 1/32 inch to c 

seating surface for 10 seconds maximum . 265 

In accordance with JEDEC Registration Data Format JS9-RDF-1 IB 

A Pulsed: 

Pulse duration < 20 ms 
Duty factor 0.15 


• Closely controlled IDSS - 10 to 25 mA 

• Low gate leakage current — Iq$S = 0.1 pA typ. 

• Low feedback capacitance — C rss = 0.25 pF typ. 

• High forward transconductance — gf s * 7500 pmho typ. 

• High vhf power gain — Gp$ = 16 dB typ. at 200 MHz 

• Low vhf noise figure - NF * 3.5 dB typ. at 200 MHz 

• Exceptionally good cross-modulation characteristics 

Performance Features 

• Large dynamic range 

• Greatly reduced spurious responses 

• Permits use of vacuum-tube biasing techniques 

• Excellent thermal stability 

• Superior cross-modulation performance and greater 
dynamic range than bipolar transistors 


TERMINAL DIAGRAM 

1 - Drain 

2 - Source 

3 - Insulated Gate 

4 - Bulk (Substrate) 
and Case 



ELECTRICAL CHARACTERISTICS: (At Ta = 25° C) 

Measured with Substrate Connected to Source Unless Otherwise Specified. 


CHARACTERISTICS 

SYMBOLS 

CONDITIONS 

LIMITS 

UNITS 

3N154 

Min. 

Typ. 

Max. 

Gate Leakage Current 

'gss 

VDS-O, Vqs = -8 V, T A = 25° C 

VDS=0, V GS = -8 V, T A = 125° C 

Vds = 0, V G s = +l, Ta = 25°C 
%=0, V GS = *1, T A = 125°C 


0.0001 

0.0001 

0.05 

5 

0.05 

5 

n A 
nA 
nA 
nA 

Zero-Bias Drain Current 

IDSS 

VDS =15 V, Vqs = 0 

10 

15 

25 

mA 

Drain-to-Source Cutoff Current 

iD(off) 

VDS = 20 V, Vgs=-8 V 

- 


50 

ix A 

Gate-to-Source Cutoff Voltage 

V GS (off) 

VDS = 15 V, Iq = 50/xA 

-0.5 

-3 

-8 

V 

Forward Transsconductance 

8fs 

Vos = 15 V, Id = 5 mA, f = 1 kHz 

5000 

7500 

12,000 

/^mho 

Drain-to-Source Channel Resistance 

r DS( on ) 

V DS = 0, V GS = 0, f = 1 kHz 

- 

200 


n 

Small -Si gnat Short-Circuit 

Reverse Transfer Capacitance 

Crss 

Vds = 15 V, Id = 5 mA, f = 0.1 to 1 MHz 

0.15 

0.25 

0.35 

PF 

Small-Signal Short-Circuit Input Capacitance k 

Cj S s 

Vqs = 15 V, Ip = 5 mA, f = 0.1 to 1 MHz 

- 

5.5 

7 

PF 

Input Admittance 

Y is 

Common Source Configuration 
f =200 MHz, 

V D s = 15 V, 

Id = 5 mA 

- 

0.4 +J7.3 ' 

- 

mmho 

Forward Transfer Admittance 

Yfs 

- 

7-J2 

- 

mmho 

Output Admittance 

Y os 

- 

0.28+J1.8 

- 

mmho 

Maximum Available Power Gain 

MAG 

VDS = 15 V, Id = 5 mA, f = 200 MHz 

- 

21 

- 

dB 

Insertion Power Gain (Fixed Neutralization) 
(see Fig. 1) 

G PS 

13.5 

16 

- 

dB 

Noise Figure (see Figs.l & 2) 

NF 

Vqs = 15 v, Iq = 5 mA, f = 200 MHz 

- 

3.5 

5 

dB 


* In Accordance with JEDEC Registration Data Format JS-9 RDF- 11 B 
A Three-Terminal Measurement: Source Returned to Guard Terminal 



All Resistors in ohms and 1/4 W 
unless otherwise specified. 
All Capacitors in pF 


* TUBULAR CERAMIC 

* DISC CERAMIC 92CS-I4892RI 


Cj. C_: 1.5-5 pF variable air capacitor: E. F. Johnson Type 160-102 
or equivalent 

C 3 : 1-10 pF piston-type variable air capacitor: JFD Type VAM-010, 
Johanson Type 4335, or equivalent 

C., C,-: 0.3-3 pF piston- type variable air capacitor: Roanwell Type 
* 0 MH- 13 or equivalent 

Q = 3N154 

Lj: 5 turns silver-plated 0.02" thick, 0.07"-0.08" wide copper 
tibborv. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from Cl end 
of winding 

L 2 : Same as L^ except winding length approx. 0.7"; no tap. 


Fig. 1 - Test circuit used to measure 200-MHz maximum 
usable power gain and noise figure 



* SEE FIG I FOR CIRCUIT 92CS-i489i 


Fig. 2 - Noise figure measurement setup 


For characteristics curves, refer to types 3IN128 and 3N143. 
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MOS FIELD-EFFECT DEVICES 


3N159 


SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTOR 

For Military and Industrial Low-Noise RF-Amplifier 
Applications lip to 300 MHz 


N-Channel Depletion Type 

PERFORMANCE FEATURES 

• wide dynamic range permits large-signal Handling 
before overload 


The 3N159 is an n-channel silicon, depletion type, 
dual insulated-gate, field-effect transistor utilizing the 
MOS** construction. It has exceptional characteristics 
for rf - amplifier applications at frequencies up to 
300 MHz. This transistor features a series arrangement 
of two separate channels, each channel having an 
independent control gate. 

Type 3N159 has an exceptionally low-noise figure, which 
makes this type particularly suitable for critical vhf 
applications. When used in a common-source con- 
figuration in which gate No. 2 is ac grounded, this device 
reduces oscillator feedthrough to the antenna thereby 
minimizing oscillator radiation. 

The 3N159 is hermetically sealed in the metal JEDEC 
TO-72 package. 


** Metal-Oxide-Semiconductor. 

APPLICATIONS 

• RF amplifier in military and industrial communications 
equipment 


Maximum Ratings, Absolute-Maximum Values: 

at Ta = 25°C 

DRAIN-TO-SOURCE VOLTAGE, V Dg 0 to +20 V 

GATE-No. 1-TO-SOURCE VOLTAGE, V Glg : 

Continuous (dc) -8 to +1 V 

l>eak ac -8 to +20 V 

GATE No-2-TO-SOURCE VOLTAGE, V Q2S : 

Continuous (dc) -8 to 40% of V^ g V 

Peak ac -8 to +20 V 


DRAIN-TO-GATE VOLTAGE: 

V DG1 or V DG2 ‘ 

DRAIN CURRENT, Ip 

Pulsed: Pulse duration < 20 ms, 

duty factor 0.15 . . 

TRANSISTOR DISSIPATION, P T : 

At ambient ^ up to25°C 

temperatures j above 2S°C ...... 


+20 V 


SO mA 


400 mW 

derate linearly at 
2.67 mW/°C 


AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 


• dual-gate permits simplified age circuitry 
e virtually no age power required 

• greatly reduces spurious responses in FM receivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

• superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate field-effect 
transistors 

DEVICE FEATURES 

• low gate leakage currents — — 

'G1SS & ! G2SS = 1 nA max * 

• high forward transconductance - — 

9f s = 7000 pmho min. 

• high unneutralized RF power gain — — 

G ps = 16 dB min. at 200 MHz 

• low vhf noise figure - — 

NF = 3.5 dB max. at 200 MHz 


e aircraft, marine and vehicular receivers 
• CATV and MATY equipment 
e telemetry and multiplex equipment 


LEAD TEMPERATURE (During soldering) : 

At distances 1/32 inch from seating 

surface for 10 seconds max 265 C 


ELECTRICAL CHARACTERISTICS, at T A = 25°C unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

3N159 

Min. 

Typ- 

Max. 

Gate-No. 1-to-Source Cutoff Voltage 

V G1 S(off) 

V DS ' +16V, >n = 200 j*A 
V G2S * 

- 

-2 

-4 

V 

Gate-No. 2-to-Source Cutoff Voltage 

V G2S(off) 

V DS - +16V, l D = 200 

V G1$ = 0 

- 

-2 

-4 

V 

Gate-No. 1-Leakage Current 

'giss 

V G 1S = -20V. V G2$ = 0 

V DS - 0, T a - 25°C 



1 

nA 

V G1S = +1V ' V G2S = 0 

v DS - 0 , t a - 250 c 


- 

1 

nA 

V G1S ° ' 20V > V G2S = 0 

V DS = 0, T A = 1250C 



0.2 

mA 

Gate-No. 2-Leakage Current 

1 G 2SS 

Vq2S 1 ' 20V ' V G1S = 0 

Vds - 0 , t a - 25ffc 



1 

nA 

V G2S = + *r V D s = 0 
VciS'O, T a = 25°C 



1 

nA 

V G2S = -20V, V G1$ = 0 
v DS = o, t a = 1250C 



0.2 

mA 

Zero-Bias Drain Current 

'dss* 

V DD = +14V, V G1S = 0 
V G2S = *4V 

5 

18 

30 

mA 

Forward Transconductance 
(Gate-No. 1-to-Drain) 

gfs 

V DD = +14V - *D = 10 mA 
V G2S = +4V, f = 1 kHz 

7000 

10,000 

18,000 

/i.mho 

Cutoff Forward Transconductance 
(Gate-No. 1-to-Drain) 

Sfs(off) 

V D D = +14V - V G1S = -°- 5V 
V G2S = ' 2V ’ f = 1 kHz 



1 100 

^.mho 

Small-Signal, Short-Circuit 

Input Capacitance 4 

C|'ss 

Vds = + 1 3 V , Iq = 10 mA 

V G2S = +4V - f = 1 MHZ 

3 

5.5 

7 

PF 

Small-Signal, Short-Circuit, Reverse Transfer 
Capacitance (Drain-to-Gate No.l) 4 

c rss 

v Ds = +13V, l D = 10 mA 
V Q2S = +4V, f = 1 MHz 

0.01 

0.02 

0.03 

' PF 

Small-Signal; Short-Circuit 

Output Capacitance 

c oss 

V DS = +13V, l D = 10 mA 
V G 2 S = +4V, f = 1 MHz 


2.2 


PF 

Maximum Usable Power Gain 
(See Fig.l for Measurement Circuit) 

MUG 

V DD = +15V - R S = 2700 

R G = 50H, f = 200 MHz 

16 

18 

22 

dB 

Measured Noise Figure 

(See Fig.l for Measurement Circuit) 

NF 

V DD = +1 5 V, R s = 2700 
f = 200 MHz, Rq = 50fi 


2.5 

3.5 

dB 


* Pulse Test: Pulse duration < 20 ms, duty factor £ 0.15. 

4 Capacitance between Gate No.l and all other terminals. 

* Three-Terminal Measurement with Gate No. 2 and Source Returned to Guard Terminal. 
For characteristics curves refer to types 3N140, 3N141 . 


TERMINAL DIAGRAM 



LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.l 

LEAD 4 - SOURCE, SUBSTRATE AND CASE 



* Tubular ceramic 

T Disc ceramic 

U Ferrite bead (1/2 used); Indiana General No. H 1742C-(A-147) or 
F1157-1-H or equivalent. 

t VHF plug in socket Jettron CD 72-148 and CD72149 (part No.7977-1) 
or equivalent. 

Cj, C 2 : 1.5-5pF variable air capacitor: E. F. Johnsoh Type 160-102 
or equivalent. 

C 3 : 1-10 pF piston-type variable air capacitor: JFD Type 
VAM-010, Johanson Type 4335, or equivalent. 

C 4 : 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH-13 or equivalent. 

Lj: 5 turns silver-plated 0.02" thick, 0.07"-0.08" wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from C\ end 
of winding. 

L 2 : Same as Lj except winding length approx. 0.7"; no tap. 

Fig.1 - 200-MHz power gain and noise-figure test 
circuit for type 3NI59. 
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MOS FIELD-EFFECT DEVICES 


3N187 


Silicon Dual Insulated -Gate Field -Effect Transistor 


N-Channel Depletion Type 

With Integrated Gate- Protection Circuits 

For Military and Industrial Applications up to 300 MHz 


Device Features 

• Back-to-back diodes protect each gate against handl ing and in-circuit transients 

• High forward transconductance - gf S = 12,000 pmho (typ. ) 

• High unneutralized RF power gain - Gps s 18 dB(typ.) at 200 MHz 

• Low VHF noise figure - 3.5 dB(typ.)at 200 MHz 


RCA-3N187 is an n-channel silicon, depletion type, 
dual insulated-gate field-effect transistor. 

Special back-to-back diodes are diffused directly into 
the MOS A pellet and are electrically connected between 
each insulated gate and the FET’s source. The diodes 
effectively bypass any voltage transients which exceed 
approximately ±10 volts. This protects the gates against 
damage in all normal handling and usage. 

A feature of the back-to-back diode configuration is 
that it allows the 3N187 to retain the wide input signal 
dynamic range inherent in the MOSFET. In addition, the 
junction capacitance of these diodes adds little to the 
total capacitance shunting the signal gate. 

The excellent overall performance characteristics of 
the RCA-3N187 make it useful for a wide variety of rf- 
amplifier applications at frequencies up to 300 MHz. 
The two serially-connected channels with independent 
control gates make possible a greater dynamic range 
and lower cross-modulation than is normally achieved 
using devices having only a single control element 

The two -gate arrangement of the 3N187 also makes 
possible a desirable reduction in feedback capacitance 
by operating in the common-source configuration and ac- 
grounding Gate No. 2. The reduced capacitance allows 


operation at maximum gain without neutralization; and, 
of special importance in rf-amplifiers, it reduces local 
oscillator feedthrough to the antenna. 

The 3N187 is hermetically sealed in the metal JEDEC 
TO-72 package. 

A Metal-Oxide-Semiconductor 

Maximum Ratings, 

Absolute-Maximum Values, at T^=25°C 

DR AIN- TO- SOURCE VOLTAGE, V DS ... -0.2 to +20 V 
GATE No. 1-TO-SOURCE VOLTAGE, \' G1S; 

Continuous (dc) ^6 to +3 V 

Peak ac -6 to +6 V 

GATE No. 2-TO-SOURCE VOLTAGE, V G2S *. 

Continuous (dc) . -6 to 30% of Vpg V 

Peak ac -6 to ±6 V 

* DRAIN- TO-GATE VOLTAGE, 

V DG1 0R V DG2 +20 V 

* DRAIN CURRENT, I D 50 raA 

* TRANSISTOR DISSIPATION P T : 

At ambient ) up to 25°C 330 mW 

temperatures I above 25°C derate linearly at 

2.2 mW/«C 

* AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 

* LEAD TEMPERATURE (During Soldering): 

At distances > 1/32 inch from 

seating surface for 10 seconds max. 265 °C 

* In accordance with JEDEC Registration Data Format 

JS-9 RDF-19A 


Applications 

• RF amplifier, mixer, and IF amplifier in military, and 
industrial communications equipment 

• Aircraft and marine vehicular receivers 

• CATV and MATV equipment 

• Telemetry and multiplex equipment 

Performance Features 

• Superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET’s 

• Wide dynamic range permits large-signal handling 
before overload 

• Virtually no age power required 

• Greatly reduces spurious responses in FM receivers 


TERMINAL DIAGRAM 



LEAD 1 -DRAIN 
LEAD 2-GATE No. 2 
LEAD 3-GATE No. 1 
LEAD 4-SOURCE, SUBSTRATE 
AND CASE 



T tt Ferrite bead (4); Pyrofernc Co. "Carbonyl J" Q = 3N 187 

0.09 tn. 0D; 0.03 in. ID; 0.063 in. thickness, * Disc ceramic. 

All resistors in ohms * Tubular ceramic. 

All capacitors in pF 

Cj: 1.8 -8.7 pF variable air capacitor: E.F. Johnson Type 160-104, 
or equivalent. 

C 2 : 1.5-5 pF variable air capacitor; E.F. Johnson Type 160-102, 
or equivalent. 

C 3 : 1- 10 pF piston-type variable air capacitor: JFD Type VAM-010: 
Johanson Type 4335, or equivalent. 

C 4 : 0.8 -4.5 pF piston type variable air capacitor; Erie 560-013 or 
equivalent. 

Lj: 4 turns silver-plated 0.02-m. thick, 0.075-0.085-m. wide, copper 
ribbon. Internal diameter of winding =0.25 in, winding length 
approx. 0.08 in. 

L 7 : 4 ' 2 turns silver-plated 0.02-m thick, 0.085-0.095-m. wide, 5.T6-m. 
ID. Coil =.90 in. long. 



GATE No. 2- TO— SOURCE VOLTS (Vgzs) 


Fig. I -200-MH z Power gain and noise-figure test circuit 


Fig. 2- NF vs. Vq2S 




92CS— I3IIOSI 

Fig. 3- NF vs. //) 


Fig. 4- Gjps vs. Vq2S 


92SS-4086 

Fig. 5- MAG. vs. f 
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MOS FIELD-EFFECT DEVICES 



3N187 


ELECTRICAL CHARACTERISTICS, ot T A = 25° C unless otherwise specified 


CHARACTERISTICS 
Gate No. 1- to- Source Cutoff Voltage 
Gate No. 2-to- Source Cutoff Voltage 
Gate No. 1-Terminal Forward Current 

Gate No. 1-Terminal Reverse Current 
Gate No. 2-Terminal Forward Current 
Gate No. 2-Terminal Reverse Current 

Zero-Bias Drain Current 

Forward Transconductance 
(Gate No. 1-to-Drain) 

Small-Signal, Short-Circuit Input Capacitancet 

Small-Signal, Short-Circuit, 

Reverse Transfer Capacitance 
(Drain-to-Gate No. 1) 4 

Smal 1-Signal , Short-Ci rcui t Output Capaci tanc 
Power Gain (see Fig. 1) 

Maximum Available Power Gain 


Maximum Usable Power Gain (unneutralized) 
Noise Figure (see Fig. 1) 


Magnitude of Forward Transadmittance 
Phase Angle of Forward Transadmittance 


Magnitude of Reverse Transadmittance 


Angle of Reverse Transadmittance 


Input Resistance 

Output Resistance 

Gate-to-Source 

Forward Breakdown Voltage: 




Gate No. 1 
Gate No. 2 


Gate-to-Source 

Reverse Breakdown Voltage: 


Gate No. 1 
Gate No. 2 


I V (BR)G1SSF 
V (BR)G2SSF 


V (BR)G1SSR 

V (BR)G2SSR 


TEST CONDITIONS 

Vqs = +15 V, l D = 50 m A 

VG2S = * 4 v 

Vqs = v - •D = 50 /+A 
V G1S =0 

VG1S = +1V t A = 25° C 
V G2S = V DS"° T^100*C- 
VRIS-SV T A 25° C 
V G2S = V DS =0 T A = 100°C 
V G2S = +6 V T A - 259 C 
V G1S= V DS =0 T a = 10Q°C 

V G2S = -6 V t A = 25 °_ c 
V G 1S = VpS=° T a = 100° C 

Vos = +15 V 
V G2S = +4 v 

V G1S =0 

Vq$ = + 15 V, Iq = 10 mA 


V DS - +15 V, l D = 10 mA 
V g2 s - +4 V, f - 1 MHz 


Vqs = +15 V, Iq = 10 mA 
Vr; ? c - +4 V, f - 200 MHz 


A Limited only by practical design considerations, 
t Capacitance between Gate No. 1 and all other terminals 

* Three-terminal measurement with Gate No. 2 and 

Source returned to ground terminal. 

* In accordance with JEDEC Registration Data Format JS-9 RDF-J9A 


, GlSSF = lG2SSF = l°° mA 


IG1SSR = IG2SSR =-100 


OPERATING CONSIDERATIONS 

The flexible leads of the 3N187 are usually soldered to the 
circuit elements. As in the case of any high-frequency 
semiconductor device, the tips of soldering irons MUST 
be grounded. 


COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T A )*25*C 
O 12 FREQUENCY (I) *200 MHz 
| DRAIN MILLIAMPERES (I D )» 10 
-j GATE No 2-TO- SOURCE VOLTS (V g2s )*h 


si:::::::::::::::::::! 


DRAIN -TO- SOURCE VOLTS (V DS ) 

Fig. 8- y is vs. Yds 


COMMON - SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T A ) « 25*C 
FREQUENCY (f ) = 200 MHz 
DRAIN MILLIAMPERES (I D ) *10 
GATE N0.2- TO -SOURCE. VOLTS ( V G? - 


i BSi s s ssi:;sas.i 

nsss sis ssssiss. 


gKi aasa 








I? isi-ma 




2 3 4 5 6 7 8 9 10 II 12 IS 14 15 

DRAIN -TO- SOURCE VOLTS (V DS ) 

92CS-I4783R1 

Fig. 9- Yos vs. y d $ 


COMMON -SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T A )*25*C 
FREQUENCY (f) ^200MHz 
15 DRAIN MILLIAMPERS (1,0*10 

GATE NO 2-TO-SOURCrVQLTS (V G2S ) * + 


ORAIN-TO-SOURCE VOLTS (Vqs) 

Fig. 70- yf s vs. Yds 


4 AMBIENT TEMPERATURE (T A )*25*C i-j-f 
i DRAIN -TO -SOURCE VOLTS <V 0 s> *15 



S jjjBBBBBBBBB BBBj 


GATE No. I-TO-SOURCE VOLTS (V G1S ) 

Fig. 6- Id vs. Yqjs 


- COMMON -SOURCE CIRCUIT. GATE No. I INPUT -4 

~ AMBIENT TEMPERATURE (T A )=25°C j 

I DRAIN-TO- SOURCE VOLTS (V 0 g) = l5 J 

I GATE No. I — VOLTAGE (V G , S ) IS ADJUSTED □ 
I FOR I 0 *IOmA WHEN V G2S *4 V 1 

- GATE No. 2 AT AC-GROUND POTENTIAL H 


BP'JBBBBBBBBBBBBBB 
■ '4BBBBBBBBBBBBBBB 

hsssssssssbsssss] 

888888888888888888; 


S8888888835S88SS8 i> 5S! 


GATE N0.2-TO- SOURCE VOLTS (V G2 s) 

9ZC! 

Fig. 7- Ip vs. Yq2S 


COMMON- SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T A ) * 25° C 
FREQUENCY (0 * 200 MHz 
DRAIN MILLIAMPERES (lo) * 10 
GATE MO. 2-TO- SOURCE VOLTS (V G2S )*< 


IBBBHBBBBBBBBBB Bl 
IBBflHflBBBBBBBMMBI 
Bl 

Si 

ai 




DRAlN-TO-SOURCE VOLTS (V DS ) 

Fig. 11- y rs vs. VpS 


15 













MOS FIELD-EFFECT DEVICES 


3N187 
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Fig. 12- y,s ys - *D 


Fig. 13- y os vs. Iq 


Fig. 14 - yf s vs. Iq 



Fig. 15- y rs vs. 1 0 


1 

OMMON- SOURCE CIRCUIT 

MBIENT TEMPERATURE ( T A ) » 25* C 
REQUENCY (f ) - 200 MHz 
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GATE NO. 2 -TO -SOURCE VOLTS ( V G23 ) 


92SS-4090 

Fig. 16- y is vs. VQ2S 
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Fig. 17- y os VS. VG2S 


OR WARD TRANSAOMITTANCE 
, 1 -MILLIMHOS 

O 5 

COMMON - SOURCE CIRCUIT 

AMBIENT TEMPERATURE (T A ) ■ Z 5 *C 
FREQUENCY (f) * 200 MHz 
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GATE N02 -TO -SOURCE VOLTS ( V 6ZS ) 
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COMMON SOURCE CIRCUIT 

AMBIENT TEMPERATURE (Ta)* 25*C 

OR AIN -TO -SOURCE VOLTS (VdsJ‘ 15 
DRAIN MILUAMPERES (In) *10 
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Fig. 18- yfs vs. VQ2S 


Fig. 19- y rs vs. VG2S 


Fig. 20- yj s vs. frequency 
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COMMON SOURCE CIRCUIT 

AMBIENT TEMPERATURE (T A )*25*C 

OR AIN -TO -SOURCE VOLTS (Voss'S 
DRAIN MILUAMPERES Uq)* 10 
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COMMON SOURCE CIRCUIT 

AMBIENT TEMPERATURE (T A )« 25 *C 
DRAIN— TO- SOURCE VOLTS (Vos)* '3 
DRAIN MILLIAMPERES (Id )*'0 

GATE NO. 2 -TO -SOURCE VOLTS (VG 2 S*** 
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Fig. 21 - y os vs. frequency 


Fig. 22- yf s vs. frequency 


Fig. 23. - y rs vs. frequency 











FORWARD TRANSFER CONDUCTANCE (g ft ) 
MILUMHOS DRAIN MJLLIAMPERES (I D ) 




MOS FIELD-EFFECT DEVICES 


3N200 

Silicon Dual Insulated -Gate Field -Effect Transistor 


N-Channel Depletion Types 

With Integrated Gate-Protection Circuits 

For Military and Industrial Applications up to 500 MHz 

RCA-3N200 is an n-channel silicon, depletion type, dual 
insulated-gate field-effect transistor. 

Special back-to-back diodes are diffused directly into the 
MOS pellet and are electrically connected between each 
insulated gate and the FET’s source. The diodes effectively 
bypass any voltage transients which exceed approximately 
±10 volts. This protects the gates against damage in all 
normal handling and usage. 

A feature of the back-to-back diode configuration is that it 
allows the 3N200 to retain the wide input signal dynamic 
range inherent in the MOSFET. In addition, the low junction 
capacitance of these diodes adds little to the total 
capacitance shunting the signal gate. 

The excellent overall performance characteristics of the 
RCA-3N200make it useful for a wide variety of rf-amplifier 

Maximum Ratings, Absolute-Maximum Values, at T& - 25°C 

DRAIN-TO-SOURCE VOLTAGE, Vqs 0.2 to +20 V 

GATE No.l-TO-SOURCE VOLTAQE, V G1S : 

Continuous (dc) . -6 to +3 V 

Peak ac -6 to +6 V 

GATE No.2-T O-SOU RCE VOLTAGE, V G 2S : 

Continuous (dc) -6 to 30% of Vqs V 

Peak ac -6 to +6 V 

* DRAIN-TO-GATE VOLTAGE, 

VoGI OR Vqq2 +20 V 

* DRAIN CURRENT, Iq 50 mA 

♦TRANSISTOR DISSIPATION, P T : 

At ambient I up to 25°C 330 mW 

temperatures ) above 25°C derate linearly at 

2.2 mW/°C 

♦AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 

* LEAD TEMPERATURE (During soldering): 

At distances > 1/32 inch from 

seating surface for 10 seconds max. 265 °C 


*ln accordance with JEDEC registration data format (JS-9 RDF-19A) 


applications at frequencies up to 500 MHz. The two 
serially-connected channels with independent control gates 
make possible a greater dynamic range and lower cross- 
modulation than is normally achieved using devices having 
only a single control element. 

The two-gate arrangement of the3N200 also makes possible a 
desirable reduction in feedback capacitance by operating in 
the common-source configuration and ac-grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
gain without neutralization ; and, of special im- 
portance in rf-amplifiers, it reduces local oscillator 
feedthrough to the antenna. 

The 3N200 is hermetically sealed in the metal JEDEC TO-72 
package. 


Performance Features 

• Superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET s 

• Wide dynamic range permits large-signal handling 
before overload 

• Dual-gate permits simplified age circuitry 

• Virtually no age power required 

• Greatly reduces spurious responses in FM receivers 

Device Features 

• Back-to-back diodes protect each gate against 
handling and in-circuit transients 

• High forward transconductance — 
gf S = 15,000 pmho (typ.) 

• High unneutralized RF power gain - 
G ds = 12.5 dB (typ.) at 400 MHz 

H = 19 dB (typ.) at 200 MHz 

• Low VHF noise figure - 3.9 dB (typ.; 

3.0 dB (typ.; 


Applications 

• RF amplifier, mixer, and IF amplifier in military and industrial 
communications equipment 

• Aircraft and marine vehicular receivers 

• CATV and MATV equipment 

• Telemetry and multiplex equipment 


TERMINAL DIAGRAM 



LEAD 1 -DRAIN 
LEAD 2-GATE No. 2 
LEAD 3-GATE No. 1 
LEAD 4 -SOURCE, SUBSTRATE 
AND CASE 






All resistances in ohms 
All capacitances in pF 
C h C2- 1. 3-5.4 pF variable air capacitor: 

Hammerland Mac 5 type or 
equivalent 

C 3 : 1.9-13.8 pF variable air capacitor: 

Hammerland Mac 15 type or 
equivalent 

C 4 : Approx. 300 pF- capacitance form- 
ed between socket cover & chassis 

05 : 0 . 8 - 4.5 pF piston type variable 
air capacitor: Erie 560-013 or 
equivalent 

LpL 2 : Inductance to tune circuit 

Fig. I - 400 MHz power gain and noise figure test circuit 



CATE HO. 1-T0-S0URCE VOLTS (V G1S ) 

9ZSS-4578 

Fig. 2 -Iq vs. V G js 


y and s Parameters vs. Frequency 

TEST CONDITIONS: Drain-to-Source Vo|t* (Vq$) = 15, Drain Milliamperes (Iq) = 10, 
Gate No. 2-to-Source Volts (Vq2S) s 4 


CHARACTERISTICS 

SYMBOL 

FREQUENCY (MHz) 

UNITS 

100 

200 

300 

400 

500 

Maximum Available Power Gain 

MAG 

32 

24 

17.5 

13 

10 

dB 

Maximum Usable Power Gain (Unneutralized)* 

MUG 

32 

24 

17.5 

13 

10 

dB 

Y Parameters 








Input Conductance 

8 is 

0.25 

0.8 

2.0 

3.6 

6.2 

mmho 

Input Susceptance 

b is 

3.4 

5.8 

8.5 

11.2 

15.5 

mmho 

Magnitude of Forward Transadmittance 

|Vfsl 

15.3 

15.3 

15.4 

15.5 

16.3 

mmho 

Angle of Forward Transadmittance 

^yfs 

-15 

-25 

-35 

-47 

-60 

degrees 

Output Conductance 

80 s 

0.15 

0.3 

0.5 

0.8 

1.1 

mmho 

Output Susceptance 

b os 

1.5 

2.7 

3.6 

4.25 

5.0 

mmho 

Magnitude of Reverse Transadmittance 

1 y rsl 

0.012 

0.025 

0.06 

0.14 

0.26 

mmho 

Angle of Reverse Transadmittance 

^vrs 

-60 

-25 

0 

14 

20 

degrees 

S Parameters 








Magnitude of Input Reflection Coeff. 

M 

0.97 

0.90 

0.84 

0.78 

0.70 


Angle of Input Reflection Coeff. 

^is 

-20 

-32 

-55 

-68 

-82 

degrees 

Magnitude of Forward Transmission Coeff. 

l s fs| 

1.50 

1.40 

1.25 

1.1 

0.9 


Angle of Forward Transmission Coeff. 

* s fs 

153 

133 

112 

90 

70 

degrees 

Mangitude of Output Reflection Coeff. 

1 s os| 

Q.985 

0.95 

0.93 

0.92 

0.91 


Angle of Output Reflection Coeff. 

^■ s os 

-7.5 

-16 

-22 

-28 

-34 

degrees 

Magnitude of Reverse Transmission Coeff. 

l s rs| 

0.001 

0.0025 

0.005 

0.010 

0.0165 


Angle of Reverse Transmission Coeff. 

zs rs 

100 

125 

141 

150 

142 

degrees 


♦Limited only by practical design considerations 


INPUT 


at 400 MHz 
at 200 MHz 
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DRAIN MILLIAMPERES (l D ) 


MOS FIELD-EFFECT DEVICES 


3N200 


ELECTRICAL CHARACTERISTICS 
at T a = 25°C 

unlisM otbtrwi s* sptcffiW 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 


Typ. 


Gate No. l-to-$ource Cutoff Voltage 

v GlS(off> 

Vos*+15V, Iq = 50/i.A 
V G2S - +4V 

-0.1 

B 

-3 

n 

Gate No. 2-to-Source Cutoff Voltage 

v G2S(off) 

Vq$ = + 15 V, Iq = 50/xA 
V G1S = 0 

-0.1 

B 

-3 

n 

Gate No. 1-Terminal Forward Current 

•gissf 

V G1S = +1V 
V G2S' V DS?° 

T A = 25°C 
t a = 100°C 

B 

B 

50 

5 

nA 

mA 

Gate No, 1-Terminal Reverse Current 

'gissr 

V G 1S = -6V 
V G2S = V DS = 0 

T A = 25°C 
t a = 100°C 

B 

B 

50 

5 

— 

Gate No. 2-Terminal Forward Current 


V G 2S = t 6V 
V G1S = V DS = 0 

T a = 25°C 
T a = 100°C 

B 

B 

50 

5 

mm 

Gate No. 2-Terminal Reverse Current 




B 

B 

50 

5 

mn 

Zero-Bias Drain Current 

■ds 



1 5.0 

12 

mA 

Forward Transconductance 
(Gate No. 1-to-Drain) 

fifs 

V DS = + 15V 

1 in m A 

,y- xu ...A 

V G2S = +4V 

f = 1kHz 

10,000 

mi 


^mho 

Small-Signal, Short-Circuit Input 
Capacitance t 

G iss 

f - 1 UUi 

4.0 


8.5 

PF 

Small-Signal, Short-Circuit, 

Dgwgrcg Trjnjfgr Pjpgjjtgnro 

(Drain-to-Gate-No. 1)* 

G rss 

0.005 

Q 

0.03 

D 

Small-Signal, Short-Circuit Output 
Capacitance 


- 

2.0 

- 

PF 

Power Gain (see Fig. 1) 

G PS 

f * 400 MHz 

■3 

12.5 

- 

dB 

Noise Figure (see Fig. 1) 

NF 

- 

BB 

KB 

dB 

Bandwidth 

BW 

m 

- 

19 

MHz 

G‘ate-to*Source Forward 

Breakdown Voltage Q ate No> j 

V (BR)G1S$F 

'gissf = 

•G2SSF = 
100 mA 

V G2S = V DS*° 

6.5 

1 

13 

■ 

Gate No. 2 

V (BR)G2SSF 

V G1S’ V DS*° 

Gate-to-Source Reverse 

Breakdown Voltage Gate No. 1 

V (BR)G1SSR 

•gissr 3 

'G2SSR = 

100 m a 

V G2S = V DS = 0 

1 

l 

-13 

■ 

Gate No. 2 

V (BR)G2SSR 

V G1S = V DS = 0 


•In accordance with JEDEC registration data format ^Capacitance between Gate No. 1 and all other terminals. 

( JS-9 RDF-19A) •Three-iermifiai measurement with Gate No. 2 and 

Source returned to guard terminal. 



Fig. 5- V AGC vs- VG7S 



92SS-458? 


Fig. 6 - y/ s vs. VflS 



SSS-45J3 


Fi 9- 7 Yos vs - V DS 
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MOS FIELD-EFFECT DEVICES 


3N200 



GATE HO. 2-TO-SOURCE VOLTS (V G2$ ) 


GATE HO. 1-TO-SOURCE VOLTS (V G)S ) 


Fig. IS - gf s 2 vs. VG2S 


Fig. 79- gf s vs. VqJS 


22.5 - 20 -12.5 -15 -12.5 -10 

GEHERATOR SOURCE SUSCEPTAHCE - MILLIMHOS 


Fig. 20- Noise figure vs. generator source admittance 
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MOS FIELD-EFFECT DEVICES 


3N211, 3N212, 3N213 


Silicon Dual-1 nsulated-Gate Field-Effect Transistors 


N-Channel Depletion Types 

With Integrated Gate-Protection Circuits 
For VHF TV Applications 


3N211 — RF Amplifiers 
3IM212- Mixers 
3N213 — TV IF Strips 


Features: 

■ Low C rss — 0.05 pF max. 

■ High | Y fs | - 30 mmho typ. for 3N211 and 3N212 

■ Integrated gate-protection diodes 


The RCA-3N21 1, 3N212, and 3N213 are 
n-channel silicon, depletion type, dual-insu- 
lated gate, field-effect transistors intended 
for VHF TV applications. Integrated back- 
to-back diodes protect the gates from ex- 
cessive input voltages. 


The 3N211 is intended for use in VHF RF 
amplifiers and delivers linear, low-noise ampli- 
fication. Its extremely low feedback capaci- 
tance allows high-gain stable operation with- 
out neutralization. The 3N21 2 is specified for 
low-noise VHF mixer applications. The 
3N213 is intended for use in tuned high- 
frequency amplifiers such as TV IF strips. 


MAXIMUM RATINGS, 

Absolute Maximum Values at T ^ = 25° C 

DRAIN-TO-GATE No.1 VOLTAGE 

DRAIN-TO-GATE No.2 VOLTAGE 

DRAIN-TO-SOURCE VOLTAGE 

GATE No. 1-TERMINAL FORWARD CURRENT* 
GATE No. 2-TERMINAL FORWARD CURRENT* 
GATE No.l-TERMINAL REVERSE CURRENT. 
GATE No. 2-TERM I N AL R E V E RSE CU R RENT . 

CONTINUOUS DRAIN CURRENT 

DEVICE DISSIPATION: 

Up to Jj\ - 25° C 

Above T/^ “ 25° C derate linearly 

Up to T c = 25° C 

Above Tc = 25°C derate linearly 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max 


3N211,3N212 

3N213 


35 

40 

V 

35 

40 

V 

27 

35 

V 


- 10 
- 10 
-10 
-10 
- 50 


360 
2.4 
1.2 
- 8 


mA 

mA 

mA 

mA 

mA 


-65 to +175 
-65 to +200 


+300 



TERMINAL DIAGRAM 
Bottom View 


LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3- GATE No.1 
LEAD 4 -SOURCE, 

SUBSTRATE AND CASE 



* Forward gate-terminal current is the current into a gate terminal with a forward gate -to -source voltage applied. 
This voltage is of such polarity that an increase in its magnitude causes the channel resistance to decrease. 


GATE No. I -TO -SOURCE VOLTAGE (Vgis>— V 

92CS- 26170 

Fig.3— Drain current vs. gate No. 1~to~source 
voltage for all types. 



92CS-26I6S 

Fig. 1 -Drain current vs. drain-to-source voltage 
for all types. 



GATE No. I -TO- SOURCE VOLTAGE (V 6 | S ) — V 

92CS- 26169 

Fig. 2— Drain current vs. gate No. 1-to-source 
voltage for all types. 



GATE No 2-T0-S0URCE VOLTAGE (V G2S ) — V 

92CS-26I7I 

Fig. 4— Drain current vs. gate No. 2-to- source 
voltage for all types. 


(Figures 1 — 4 are pulse tested. Pulse duration - 300 jus, duty cycle <2%.) 
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MOS FIELD-EFFECT DEVICES 


3N211, 3N212, 3N213 

ELECTRICAL CHARACTERISTICS, At T A = 25°C (unless otherwise specified) 



CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


MIN. 

MAX. 

* 

Drain-to-Source Breakdown 

l D = 10 mA, 

3N211 

27 

- 



Voltage, VjbrjdS 

V G1S =V G2S = _4V 

3N212 

27 

- 

V 



3N213 

35 

■ - 


* 

Gate No.l-to-Source Forward 
Breakdown Voltage, V^gp^ q-j ggpl 

l G 1=10mA, V G2 s =Vqs-0 

6 

■ 

V 

* 

Gate No.l-to-Source Reverse 
Breakdown Voltage, 

l G1 = -10mA, V(32$ =V DS =0 

-6 

■ 

V 

* 

Gate No.2-to*Source Forward 

Breakdown Voltage, V(gg)( 32 SSF^ 

l G2 =10mA, V G is=VdS =0 

6 

■ 

V 

* 

Gate No.2-to-Source Reverse 
Breakdown Voltage, V(br)<32SSR^ 

lG2 = -10mA, V G1s =Vps=0 

-6 

■ 

V 

* 

Gate No.1 -Terminal Forward 

Current, IqisSF 

V G1S =5V - v G2S =v 

DS =0 

■ 

10 

nA 

* 

Gate No.1 -Terminal Reverse 

V G is= -BV. 

T A =25°C 

- 

-10 

nA 


Current, IqisSR 

V G2S =V DS =0 

T a =150°C 

- 

-10 

mA 

* 

Gate No. 2-Terminal Forward 
Current, I G2 SSF 


■ 

10 

nA 

* 

Gate No. 2-Terminal Reverse 

V G2S = ~ 5V - 


- 

-10 

nA 


Current, I G2 SSR 

V G1S =V DS =0 

T a -150°C 

■ - 

-10 

;uA 

* 

Zero-Gate No.1 -Voltage 

Drain Current, Ipg^ 

V D s=15V, V G1S =0, 

V G2S =4V 

6 

40 

mA 


Gate No.l-to-Source Cutoff 

Voltage, V Gls(off) 

V ds =15V, 

V G 2S=4V, 

3N211 

-0.5 

-5.5 



3N212 

-0.5 

m 

V 


I d =20juA 

3N213 

-0.5 

-5.5 



Gate No.2-to-Source Cutoff 

Voltage, V G2S(off) 

V ds =15V, 

Vqis=0, 

3N211 

-0.2 

-2.5 


♦ 

3N212 

-0.2 

-4 

V 


1 Q=20/i A 

3N213 

-0.2 

-4 


* 

Small-Signal Common-Source 

V 0S =15V, 

3N211 

17 

40 



Forward Transfer Admittance, 

M 1 2 3 

V G1S =0, 

V G2S =4V ' 
f=1 kHz 

3N212 

17 

40 

mmho 


3N213 

15 

35 


* 

Small-Signal Common-Source 
Reverse Transfer Capacitance, 

^rss 

V DS =15V, V G2S =4V, 
lp=1mA, f=1MHz 

0.005 

0.05 

PF 


*ln accordance with JEDEC registration data format IJS-9 RDF-19B). 


1. All gate breakdown voltages are measured while the device is conducting rated gate current. 
This ensures that the gate-voltage-limiting network is functioning properly. 

2. This characteristic must be measured using pulse techniques (tyy = 300ms, duty cycle <2%). 

3. This characteristic must be measured with bias voltages applied for less than 5 seconds to 
avoid overheating. The signal is applied to gate No.1 with gate No.2 at ac ground. 



92CS-26I72 

Fig. 5 -\Y f$ \ vs. V Q2S for 3N21 1 and 3N212. 



9 2CS-26I73 


Fig. 6 -\Y fs \ vs. V G2S for 3N2 13. 
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SATE No. I -TO -SOURCE VOLTAGE (V 6 , s )— V 

®2CS-2ei74 

Fig. 7 - \Y fs \ vs. V Q 1 s for 3N2 1 1, and 3N2 12. 



GATE No. I -TO- SOURCE VOLTAGE (Vqis)— V 


92CS-26I73 

Fig. 8- \Y fs \ vs. V CJS for 3N213. 


342 
































































MOS FIELD-EFFECT DEVICES 


3N211, 3N212, 3N213 


OPERATING CHARACTERISTICS at T^ = 25°C 



CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


Min. 

3 

■p 

Max. 


3N211 

* 

Common-Source Spot Noise 
Figure, F 


_ 


3.5 

dB 

* 

Small-Signal Common-Source 
Insertion Power Gain, Gpg 

V DD =18V, V gg = 7V. 
f = 200MHz, See Fig.9 

24 

_ 

35 

dB 

* 

Bandwidth, B 


5 

— 

12 

MHz 

* 

Gain-Control Gate-Supply 
Voltage, V GG (q C j 

V DD =18V,AG ps = — 30CIB, 1 
f=200MHz, See Fig.9 

0 

— 

-2 

V 

* 

Common-Source Spot Noise 
Figure, F 






4 

dB 

* 

Small-Signal Common-Source 

Insertion Power Gain, G nc 
' P s 

V DD =24V, V gg = 6V, 
f=45MHz, See Fig.10 

29 

— 

37 

dB 

♦ 

Bandwidth, B 


3.5 

- 

6 

MHz 

* 

Gain-Control Gate-Supply 
Voltage, Vqqjqq) 

V DD =24V, AG ps = -30dB, 2 
f=45MHz, See Fig.10 

— 

— 

±1 

V 


3N212 

* 

Small-Signal Conversion 

Power Gain, G ps (conv) 

V D d = 1 8V, f LO =245MHz, 3 
f RF =200MHz, See Fig.11 

21 

- 

28 

dB 

* 

Bandwidth, B 


4 

- 

7 

MHz 


3N213 | 

* 

Common -Source Spot Noise 
Figure, F 




_ 

4 

dB 

* 

Small-Signal Common-Source 
Insertion Power Gain, G ps 

V DD =24V, V GG =6V, 
f=45MHz, See Fig.9 

27 

_ 

35 

dB 

* 

Bandwidth, B 


3.5 

— 

6 

MHz 

* 

Gain-Control Gate-Supply 
Voltage, V GG ( GC ) 

V DD =24V, AG ps = — 30dB, 2 
f=45MHz, See Fig.9 

. 


±1 

V 


*ln accordance with JEDEC registration data format (JS-9 RDF-19B). 2. AG ps is defined as the change in G ps from the value at Vqq = 6V. 

1 . AG ps is defined as the change in G ps from the value at Vqq = 7V. 3. Amplitude at input from local oscillator is adjusted for maximum G ps ( c 

V GG V DD 



LI : 3 TURNS No. 18 WIRE, 3/16 INCH-DIA. ALUMINUM SLUG RELEASE 1*0.6438. 

L2:8 TURNS No. 20 WIRE, 3/16 INCH-DIA. ALUMINUM SLUG 

92CM-26I76 

Fig.9—200 MHz power gain , gain control voltage, and noise figure test circuit for 3N21 1 * 
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MOS FIELD-EFFECT DEVICES 


3N211, 3N212, 3N213 


V GG V DD 



LI : 8 TURNS No. 28 WIRE, 5/32 INCH - DIA. FORM , TYPE "J" SLUG JEDEC RELEASE No. 6438. 

L2-9 TURNS No. 28 WIRE, 5/32 INCH- DIA. FORM, TYPE "J"SLUG 

92CM-26I77 


Fig. 10—45 MHz power gain and noise figure test circuit for 3N21 1 and 3N213* 


TEST CIRCUITS (CONT'D) 


V DD 



LI: 7 TURNS No. 34 WIRE, 1/4 INCH DIA. ALUMINUM SLUG 
L2:5 1/2 TURNS No. 20 WIRE, 1/4 INCH DIA. ALUMINUM SLUG 

13 7 TURNS No. 24 WIRE, 1/4 INCH DIA. AIR CORE 92CM-26I7B 

T I : PR! : 25 TURNS No. 30 WIRE CLOSE WOUND ON 1/4 INCH DIA. FORM, TYPE "j" SLUG 
SEC: 4 TURNS No. 30 WIRE CENTERED OVER PRIMARY 
Cl : ARCO TYPE 462, 5-80 pF 

C2: 0.001 (j.F LEADLESS DISC * JEDEC REGISTERED DATA-- JEDEC 

C3: 0.01 M F LEADLESS DISC RELEASE No. 6438. 

Fig. 1 1-200 MHz-to-45 MHz circuit for conversion power gain for 3N212* 
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MOS FIELD-EFFECT DEVICES 


40467 A 


Silicon MOS Transistor N-Channel Depletion Type 
For VHF Tuners and Other VHF Amplifier 
Applications in Industrial & Conrimercial Electronic Equipment 
Operating up to 220 MHz 


Device Features: 

• Low feedback capacitance - C rss = 0.25 pF typ. 

• High forward transconductance - g^ $ = 7500 jumho typ. 

• High vhf power gain - Gp S = 16 dB typ at 200 MHz 

• Low vhf noise figure - NF = 3.5 dB typ at 200 MHz 

• Exceptionally good cross-modulation characteristics 


RCA-40467A is an n-channel depletion-type silicon 
insulated-gate field-effect transistor utilizing the MOS* 
construction. It is intended primarily for vhf-amplifier 
applications in industrial and commercial electronic 
equipment. 

The 40467A is useful in vhf applications requiring 
devices capable of providing high useful power gains 
at frequencies up to approximately 220 MHz. 

The 40467 A features high forward transconductance, 
high dc gate-to-source resistance, and low feedback 
capacitance. Because of the improved transfer charac- 
teristic and increased dynamic range, the 40467A 
provides substantially better cross-modulation per- 
formance in linear-amplifier applications than con- 
ventional (bipolar) transistors and is free from diode- 
current loading, a problem that exists in junction type 
FET s. This device is hermetically sealed in the 
TO-72 metal case and utilizes full-gate construction. 


Maximum Ratings, Absolute-Maximum Values at T^=25°C 


DRAIN-TO- SOURCE VOLTAGE, V DS +20 V 

DRAIN-TO-GATE VOLTAGE, V DG +20 V 

GATE-TO-SOURCE VOLTAGE, V QS : 

CONTINUOUS (dc) +1, -8 V 

PEAK ac +15 V 

DRAIN CURRENT, l D 50 mA 

TRANSISTOR DISSIPATION: 

At ambient (up to 25°C 330 mW 

temperatures j above 25°C derate at 2.2 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage -65 to +175°C 

Operating -65to+175°C 

LEAD TEMPERATURE (During Soldering): 

At distances not closer than 1/32 inch to 

seating surface for 10 seconds maximum 265°C 


Performance Features: 

• Large dynamic range 

• Greatly reduced spurious responses 

• Permits use of vacuum-tube biasing techniques 

• Excellent thermal stability 

• Superior cross-modulation performance and greater 
dynamic range than bipolar transistors 


TERMINAL DIAGRAM 



1 - Drain 

2 - Source 

3 - Insulated Gate 

4 - Bulk (Substrate) 

and Case 


Metal-Oxide Semiconductor 


ELECTRICAL CHARACTERISTICS AT T c ^ 25°C WITH BULK (SUBSTRATE) CONNECTED TO SOURCE 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

FREQUENCY 

f 

DC 

DRAIN- 

T0- 

S0URCE 

VOLTAGE 

V DS 

DC 

DRAIN 

CURRENT 

•d 

RCA 

40467A 

MHz 

V 

mA 

Min 

Typ. 

Max. 

Gate-to-Source Cutoff Voltage 

V GS (o f f) 


12 

0.1 



-8 

V 

Gate Leakage Current 

‘gss 


0 

0 

v G s =* 1v 

V gs =-8V 



1 

1 

> > 

Zero-Bias Drain Current 

‘dss 


15 

V GS=° 

5 

15 

30 

mA 

Small-Signal, Short-Circuit 
Forward Transconductance 

fits 

1 KHz 

15 

5 

4000 

7500 


Mmho 

Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate) 

c rss 

1 

15 

5 

0.12 

0.25 

0.35 

PF 

Small Signal Short-Circuit 

Input Capacitance 

c iss 

1 

15 

5 


5.5 

. 

PF 

Input Admittance 

Y ,s 

Common Source Configuration 
f = 200 mHz 

V DS =15v 

Iq = 5 mA 


0.4 + j7.3 



Forward Transfer Admittance 

Y fs 


7 - J2 



Output Admittance 

^os 


0.28 +J1.8 



Maximum Available Power Gain 

MAG 

200 

15 

5 


21 


dB 

Maximum Usable Power Gain 
(unneutralized) 

MUG 

200 

15 

5 


12 


dB 

Maximum Usable Power Gain 
(neutralization) 

MUG 

200 

15 

5 

12 

16 


dB 

Noise Figure 

NF 

200 

15 

5 


3.5 

5 

dB 


For characteristics curves, refer to types 3N128 and 3N143. 





MOS FIELD-EFFECT DEVICES 

40468A, 40559A 


MOS Silicon Transistors N-Channel Depletion Types 


For RF Amplifier and Mixer Applications 
in FM and AM/FM Receivers 

RCA-40468A and 40559A are silicon insulated-gate 
field-effect transistors of the n-channel depletion type 
utilizing the MOS* construction. They are intended 
primarily for use as the rf amplifier and mixer, respec- 
tively, in FM receivers covering the 88 to 108 MHz 
band, but can be used for general amplifier applications 
at frequencies up to 125 MHz. For circuit design and 
typical performance data refer to RCA Application Note 
AN3535 “An FM Tuner Using Single-Gate MOS Field- 
Effect Transistors as RF Amplifier and Mixer”. 

The wide dynamic range of these transistors re- 
duces cross-modulation effects in AM receivers and 
minimizes the generation of spurious responses in 
FM receivers. 

Operating as a neutralized amplifier at 100 MHz, the 
40468A can provide a power gain of 17 dB (typ.). A 
power gain of 14 dB (typ.) can be realized without 
neutralization. 


* Metal-Oxide-Semiconductor. 


Performance Features: 

• reduced spurious responses in FM tuners 

• reverse bias on substrata improves linearity 

• reduced cross-modulation effects in AM receivers 


Maximum Ratings, Absolute-Maximum Values at Ty\ = 25°C: 


DRAIN-TO-SOURCE VOLTAGE. V DS +20 V 

DRAIN-TOGATE VOLTAGE. V DG +20 V 

GATE-TO-SOURCE VOLTAGE, V GS : 

CONTINUOUS (dc). +1,-8 V 

PEAK ±15 V 

DRAIN CURRENT, I D 25 mA 

TRANSISTOR DISSIPATION: 

At ambient ) up to 25°C 330 mW 

temperatures / above 25°C derate at 2.2 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage -65 to + 175 °C 

Operating -65 to + 175 °C 

LEAD TEMPERATURE (During Soldering): 

At distances not closer than 1/32 inch to 

seating surface for 10 seconds maximum . 265 C 


Device Features: 

• high forward transconductance • - 

gfs ■ 7500 /imho typ. for 40468A 

• low feedback capacitance - - 

Cj^j = 0.35 pF max. for 40468A 
0.38 pF max. for 40559A 

• high useful power gains * - 

neutralized - 17 dB typ. 
unneutralized - 14 dB typ. 

• hermetically sealed in TO-72 metal package 


TERMINAL DIAGRAM 



LEAD 1 - DRAIN 

LEAD 2 - SOURCE 

LEAD 3 - INSULATED GATE 

LEAD 4 - BULK (SUBSTRATE) AND CASE 


ELECTRICAL CHARACTERISTICS, at T A = 25°C 

With Bulk (Substrate) Connected to Source Unless Otherwise Specified 


Characteristics 

Symbols 

TEST CONDITIONS 

LIMITS 

Units 

Frequency 

f 

DC 

Drain-to- 

Source 

vps 

DC 

Drain 

Current 

ID 

RCA-40468A 

RF Amplifier 

RCA-40559A 

Mixer 

MHz 

V 

mA 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Drain-to-Source Cutoff Current 

iD(off) 


12 

VGS = -8V 


• 

100 


- 

500 

fA 

Gate Leakage Current 

IGSS 

- 

0 

0 

V G S = *8V 
VqS « +iv 

. 

. 

1. 

1 

- 

- 

1 

1 

nA 

nA 

Zero-Bias Drain Current 

IDSS 


15 

VGS = o 

5 

15 

30 

5 

15 

30 

mA 

Small-Signal, Short-Circuit 

Forward Transconductance 

gfs 

1 kHz 

15 

5 

* 

7500 



- 

- 

/dnho 

Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate) 

Crss 

1 

15 

5 


0.25 

0.35 

- 

0.25 

0.38 

PF 

Input Capacitance 

Ciss 

1 

15 

5 


5.5 

* 

- 

5.5 

- 

PF 

Admittance 

- 

RF iMixer 


RF 

Mixer 

- 

- 

- 

Input Admittance 

Yis 

100 MHz 

15 

5 

3 

0.155 + j 3.45 

0.14 +j 3.38 

mmho 

Forward Transfer Admittance 

Yfs 

100 MHz 

15 

5 

3 

7.4 + j 0.9 


mmho 

Output Admittance 

Yos 

100 10.7 

MHz MHz 

15 

5 

3 

0.21 + j 0.9 

0.076 + j 0.153 

mmho 

Forward Conversion Trans conductance 

gfs(c) 

1 kHz 

15 

3 


- 

- 

- 

2800* 

- 

/imho 

Maximum Available Power Gain 

MAG 

100 

15 

5 


26 

- 

- 

- 

- 

dB 

Maximum Usable Power Gain 
(Unneutralized) 

MUG 

100 

15 

5 

- 

14 


- 

- 

- 

dB 

Maximum Usable Power Gain 
(Neutralized) 

MUG 

100 

15 

5 

14 

17 


* 

* 

- 

dB 

Maximum Available Conversion 

Gain 

MAG C 

fin = 100 
fout = 10.7 

15 

3 

* 

* 

* 

* 

22 

- 

dB 

Noise Figure 

NF 

100 

15 

5 


3.5 

5 

- 

- 

- 

dB 


* Bulk (Substrate) -to-Source Volts (Vg$) = -3. 


For characteristics curves, refer to types 3N128 and 3N143. 
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MOS FIELD-EFFECT DEVICES 


40600 , 40601 , 40602 


SILICON DUAL INSULATED-CATE FIELD-EFFECT TRANSISTORS 

N-Channel Depletion Types 
For VHF TV Receiver Applications 


DEVICE FEATURES 
• extremely low feedback capacitance 
C rss = 0.02 pF typ. 
e high power gain 

MU Gy = 20 dB typ. for 40600 
MAG = 35 dB typ. for 40602 
MAGc = 14 dB typ. for 40601 


RCA 40600, 40601, and 40602 are n-channel de- 
pletion type, dual-insulated-gate, field-effect transistors 
utilizing the MOS construction. These devices have char- 
acteristics which make them highly desirable for rf-ampli- 
fier applications (40600), mixer applications (40601), 
and first-if-amplifier applications (40602) in vhf TV re- 
ceivers and other types of commercial equipment oper- 
ating at frequencies up to approximately 250 MHz. 

These transistors feature a series arrangement of 
two separate channels, each channel having an inde- 
pendent control gate. In amplifier applications the 40600 
and 40602 with their wide dynamic range provide sub- 
stantially better cross-modulation performance than is 
obtainable with bipolar or single-gate field-effect tran- 
sistors. In mixer applications the 40601 provides ex- 
cellent isolation between the oscillator and rf signals 
because each of the two signal frequencies being mixed 
has its own control element. The wide dynamic range 
of the 40601 minimizes cross-modulation which is gener- 
ally encountered in mixer stages. 

Provision of two insulated gates also results in 
extremely low feedback capacitances (0.02 pF typ.), a 
feature which enables the 40600 and 40602 to provide 
high maximum useable power gains in unneutralized 
circuits - for example, 20 dB at 200 MHz typ. for the 


40600, and 35 dB typ. at 44 MHz for the 40602. The 
gain of the rf and if stages can be controlled by apply- 
ing age voltage to gate No. 2 and age delay is easily ob- 
tained. Virtually no age power is required for full gain 
reduction. 

Types 40600, 40601, and 40602 are hermetically 
sealed in metal JEDEC TO-72 packages. 

APPLICATIONS 

• VHF TV Receiver 

40600 for rf amplifier applications 

40601 for mixer applications 

40602 for first-if-amplifier applications 


PERFORMANCE FEATURES 

• superior cross-modulation performance and greater 
dynamic range than bipolar and single-gate field-effect 
transistors 

e permits use of vacuum-tube biasing techniques 
e excellent thermal stability 


ELECTRICAL CHARACTERISTICS, at T A = 25®C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

40600 , 40601, 40602 

Min. 

Typ. 

Max, 

Gate No.l-to-Source Cutoff Voltage 

VQlS(off) 

VdS ~ + 15V, Id =200 mA 

Vq2S = +4V 

* 

-2 

* 

V 

Gate No.2-to-Source Cutoff Voltage 

V G 2S(off) 

V D s = +15V, Ifc = 200 mA 
v g is = 0 

- 

-2 

* 

V 

Gate No.l Leakage Current 

'G1SS 

V G 1S = -20V, Vg 2S =0, V D s =0 

• 

- 

1 

nA 

Gate No.2 Leakage Current 

1 G2SS 

vg2s =*2ov, vgis = o, v d $ = o 

- 

• 

1 

nA 

Drain Current 

'dss 

VdS = + 13V, VGIS = 0, VQ2S = +4V 

- 

18 

- 

mA 

Forward Transconductance 

8 fs 

Vos = + 13V, IQ = 10 mA 

V G 2S = +4V, f = 1 kHz 

- 

10000 

- 

Mmho 


TYPICAL PERFORMANCE CHARACTERISTICS, at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

40600 

RF AMPLIFIER 
f = 200 MHz 

40602 

IF AMPLIFIER 
f = 44 MHz 

40601 

MIXER 
f = 200 MHz 

UNITS 

VqIS Is adjusted for In = 10 mA 

Gate No.2 at AC ground potential 

V D s = 13V, V G 2S = +4V 

Local-oscillator injection 
Voltage on 

Gate No.2 =750 mV 
V DS = 15V 

Vq2$ = +0.6V 
v G is = o.75v 

Small-Signal, Short Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate No.l) at f = 1 MHz 

c rss 

0.02 typ. 

0.03 max. 

0.02 typ. 

0.03 max. 

0.02 typ. 

0.03 max. 

PF 

Output Capacitance 

Coss 

2.2 

2.2 

2.2 at f = 44 MHz 

PF 

Input Capacitance 

C iss 

5.5 

5.5 

5.5 

PF 

Input Resistance 

r is$ 

1.2 

10 

1.2 

k n 

Output Resistance 

r oss 

2.8 

12 

12 at f = 44 MHz 

Kfi 

Magnitude of Forward Transadmittance 

l v «»l 

11000 

11000 

2700* 

Aonho 

Phase Angle of Forward 
Transadmittance 

10 

-46 

-11 

- 

degrees 

Maximum Available Power Gain 

MAG 

20 

35 

14** 

dB 

Maximum Usable Power Gain 
(Unneutralized) 

1 

MUG U 

20* 

1 Stage 28 

2 Stages 26 

3 Stages 24 


dB 

dB 

dB 

Power Gain 

See Fig.l for measurement circuit 

G PS 

17.5 

- 

- 

dB 

Noise Figure 

NF 

5 max. 

- 

* 

dB 


TERMINAL DIAGRAM 



Maximum Ratings, Absolute-Maximum Values at T a - 25 °C: 

DRAIN-TO-SOURCE VOLTAGE, V D s 0 to +20 V 

GATE No. 1-TO-SOURCE VOLTAGE, V G i S : 

Continuous (dc) + 1 to -8 V 

Peak ac +20 to -8 V 

GATE No.2-TO-SOURCE VOLTAGE, V G 2S: 

Continuous (dc) -8 to 40% of VfcS V 

Peak ac -8 to +20 V 

DRAIN-TO-GATE VOLTAGE, VDG1 or VDG2- +20 V 

DRAIN CURRENT, I D (Pulsed): 

Pulse duration ^20 ms, 

duty factor Z 0. 15 50 mA 

TRANSISTOR DISSIPATION, P T : 

At ambient / up to 25°C 400 mW 

temperatures y above 25°C derate linearly at 

2.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 

LEAD TEMPERATURE (During soldering): 

At distances > 1/32” from seating 

surface for KTseconds max. 265 °C 



* Tubular ceramic. 
v Disk ceramic. 

# Ferrite bead (^used); Indiana General No. H1742C-(A-147) 
or F1157-1-H, or equivalent. 


Ci, C 2 : 1-5-5 pF variable air capacitor: E. F. Johnson Type 160-102, 
or equivalent. 

C 3 : 1-10 pF piston-type variable air capacitor: JFD Type VAM-010, 
Johanson Type 4335, or equivalent. 

C 4 : 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH-13, or equivalent. 

Lj: 5 turns silver-plated 0.02” thick, 0.07"- 0.08"wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from Cl end 
of winding. 

L 2 : Same as Li except winding length approx. 0.7”; no tap. 

Fig. I - 200 MHz Power Gain and Noise Figure Test Circuit 
for 40600 and 40602 


Magnitude of forward conversion transadmittance 


Maximum available conversion gain 


Limited by practical design considerations 


For characteristics curves, refer to type 3N140. 

347 





MOS FIELD-EFFECT DEVICES 


40603 , 40604 


SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTORS 

N-Channel Depletion Types 
For FM Tuner Applications 


PERFORMANCE FEATURES 

• large dynamic range permits large-signal handling be- 
fore overload 

• dual gates allow product mixing with extremely low 
harmonic generation 


RCA 40603 and 40604 are n-channel silicon, deple- 
tion type, dual insulated -gate, field-effect transistor!? 
utilizing the MOS construction. 

These devices have exceptional characteristics for 
rf-amplifier (40603) and mixer applications (40604) in 
FM tuners and other commercial equipment operating 
at frequencies up to approximately 150 MHz. These tran- 
sistors feature a series arrangement of two separate 
channels, each channel having an independent control 
gate. For amplifier applications the 40603 with its wide 
dynamic range provides substantially better cross-modu- 
lation performance and relative freedom from spurious 
responses than is obtainable with bipolar or single-gate 
field-effect transistors. The mixing function performed 
by the 40604 is unique in that the signal applied to gate 
No. 2 is used to modulate the input-gate (gate No. 1) 
transfer characteristic. This technique is superior to 
conventional “squhre law” mixing, which can only be 
accomplished in the non-linear region of the device trans- 
fer characteristic. 

Because of the low feedback capacitance (0.02 typ. 
pF) the 40603 can provide a power gain of 25 dB (typ.) 
at 100 MHz in an unneutralized amplifier circuit. 

The gain of the rf stage can be controlled by apply- 
ing age voltage to gate No. 2. Virtually no age power is 
required for full gain reduction. 

The 40603 and 40604 are hermetically sealed in 
JEDEC TO-72 packages. 


Maximum Ratings, Absolute-Maximum Values at T& = 25°C: 
DRAIN -TO- SOURCE VOLTAGE, Vq 8 • • • • 0 to +20 V 

GATE No. 1-TOSOURCE VOLTAGE, V G 1S: 

Continuous (dc) -8 to +1 V 

Peak ac -8 to +20 V 

GATE No. 2- TO- SOURCE VOLTAGE, V G 2s: 

Continuous (dc) -8to40%ofVDS V 

Peak ac . -8 to +20 V 

DRAIN-TO-GATE VOLTAGE, 

v DGl or VDG2 +20 V 

DRAIN CURRENT, Ip (Pulsed): 

Pulse duration ^ 20 ms, 

duty factor Z 0. 15 SO mA 

TRANSISTOR DISSIPATION, Pt 

At ambient I up to 25°C 400 mW 

temperatures { above 25°C derate linearly at 

2.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 

LEAD TEMPERATURE (During soldering): 

At distances > 1/32" from seating 

surface for KTseconds max 265 °C 


• greatly reduces spurious responses in FM receivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

e superior cross -modulation performance and greater dy- 
namic range than bipolar and single-gate field-effect 
transistors 


DEVICE FEATURES 

• extremely low feedback capacitance 

C r5 s * 0.02 pF typ. 

• high unneutralized RF power gain 

MUG = 25 dB (typ.) for 40603 

• low noise figure 

NF = 2.5 dB typ. for 40603 


TERMINAL DIAGRAM 



ELECTRICAL CHARACTERISTICS, at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

40603 

RF AMPLIFIER 

40604 

MIXER 

Typ. 

Max. 

Typ. 

Max. 

Gate No.l-to-Source Cutoff 

Voltage 

V G j S (off) 

Vqs = +15 V, Iq = 200 mA 

V G 2S - * V 

-2 


-2 

- 

V 

Gate No.2-to-Source Cutoff 
Voltage 

v G2S(° ff ) 

V DS = +15 V, l D = 200 u.A 

V G1S = 0 

-2 


-2 

- 

V 

Gate No.l Leakage Current 

'G1SS 

VG1S = -20 V, VQ2S = 0, V DS = 0 

» 

1 

- 

l 

nA 

Gate No. 2 Leakage Current 

<G2SS 

V G2S = -20 V, V G1S = 0, Vqs = 0 

- 

1 

- 

l 

nA 

Zero-Bias-Voltage Drain Current 

'DSS 

V G 2S = + 4 V, V G 1S = 0, Vqs = +13 V 

18 

- 

18 

- 

mA 

Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate-No.l) 

Crss 

Vqs = +13 V, Iq = 10 mA, f = 1 MHz 
V G 2S = * V 

0.02 

0.03 

0.02 

0.03 

pF 

Input Capacitance 

c iss 

Vqs = +13 V, Iq = 10 mA 

Vq2s * +4 V, f = 1 MHz 

5.5 


5.5 

“ 

pF 

: 

Output Capacitance 

C oss 

Vqs = + 13 V, Iq = 10 mA 

V G 2S = +4 V, f = 100 MHz 

2.1 


2.3 

- 

p f 

Input Resistance 

'is 

Vqs = +13 V, Iq = 10 mA 

V G 2S = * V, f = 100 MHz 

3.5 

- 

3.5 

i 

k.Q 

Output Resistance 

f os 

Vqs =+ 13 V f = 100 MHz 

4 

- 

- 


kfi 

V G 2S - + 4 V f = 10.7 MHz 

- 

- 

20 


k n 

Forward Transconductance 

Kfs 

Vqs = +13 V, Iq = 10 mA 

Vq 2S = + 4 V, f = 1 kHz 

10,000 

- 

2800* 


pmho 

Maximum Available Power Gain 

MAG 

V DS = +13 V, l D - 10 mA 

V G2S = +4 V 

f = 100 MHz, f out for 40604 
(mixer) = 10.7 MHz 

26 

- 

21 

- 

dB 

Maximum Usable Power Gain 

(Unneutralized) 

MUG 

25 A 

* 

- 

- 

dB 

Noise Figure 

NF 

2.5 

~ 


- 

dB 


* conversion transconductance 

A or limited by practical design considerations 


For characteristics curves, refer to type 3N140. 
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MOS FIELD-EFFECT DEVICES 


40673 


SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTOR 
N-Channel Depletion Type With Integrated 
Gate -Protection Circuits 

For RF Amplifier Applications up to 400 MHz 


APPLICATIONS 

• RF amplifier, mixer, and IF amplifier 
in military, industrial, and consumer 
communications equipment 

• aircraft and marine vehicular receivers 

• CATV and MATV equipment 


RCA-40673 is an n-channel silicon, depletion type, dual 
insulated-gate field-effect transistor. 

Special back-to-back diodes are diffused directly into the 
MOS* pellet and are electrically connected between each 
insulated gate and the FET’s source. The diodes effectively 
bypass any voltage transients which exceed approximately 
±10 volts. This protects the gates against damage in all 
normal handling and usage. 


the common-source configuration and ac-grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
gain without neutralization; and, of special im- 
portance in rf-amplifiers, it reduces local oscillator 
feedthrough to the antenna. 

The 40673 is hermetically sealed in the metal JEDEC TO-72 
package. 

*Metal-Oxlde-Semlconductor. 


A feature of the back-to-back diode configuration is that it 
allows the 40673 to retain the wide input signal dynamic 
range inherent in the MOSFET. In addition, the low junction 
capacitance of these diodes adds little to the total 
capacitance shunting the signal gate. 

The excellent overall performance characteristics of the 
RCA-40673 make it useful for a wide variety of rf-amplifier 
applications at frequencies up to 400 MHz. The two 
serially-connected channels with independent control gates 
make possible a greater dynamic range and lower cross- 
modulation than is normally achieved using devices having 
only a single control element. 

The two gate arrangement of the 40673 also makes possible a 
desirable reduction in feedback capacitance by operating in 


Maximum Ratings, Absolute-Maximum Values, at Ta = 25°C 

DRAIN-TO-SOURCE VOLTAGE, Vqs 0.2 to +20 

GATE No.l-TO-SOURCE VOLTAGE, V G 1S: 

Continuous (dc) -6 to +1 

Peak ac -6 to +6 

GATE No.2-TO-SOURCE VOLTAGE, V G 2S : 

Continuous (dc) -6 to 30% of V DS 

Peak ac 

DRAIN-TO-GATE VOLTAGE, 

VoGI OR V D G2 

DRAIN CURRENT, In 

TRANSISTOR DISSIPATION, P T : 

At ambient ) up to 25°C 

temperatures J above 25°C ..... 

AMBIENT TEMPERATURE RANGE: 

Storage and Operating 

LEAD TEMPERATURE (During soldering) 

At distances^ 1/32 inch from 
seating surface for 10 seconds max. 


-6 to +6 

V 

+20 

V 

50 

mA 

330 

derate linearly at 
2.2 mW/°C 

mW 

-65 to +175 

oc 

265 

oc 


ELECTRICAL CHARACTERISTICS, at T A - 25°C unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Gate-No. 1-to-Source Cutoff Voltage 

v G1S(off) 

Vqs = +15V, Ip = 200yA 
V G2 s = +4V 

- 

-2 

-4 

V 

Gate-No.2-to-Source Cutoff Voltage 

v G2S(off) 

V ds = +15V, l D = 200yA 
V G1S “ 0 

- 

-2 

-4 

V 

Gate-No. 1- Leakage Current 

'G1SS 

Vqis = or ~6 V 

V DS = 0, Vq2S = 0 

- 

- 

50 

nA 

Gate-No.2-Leakage Current 

<G2SS 

V G2 S= 

Vps = 0. V G 1 S = 0 

- 

- 

50 

nA 

Zero-Bias Drain Current 

•dss 

V DS = +15V 

V G2S = + 4V 

V G1S = 0 

5 

15 

35 

mA 

Forward T ransconductance 
(Gate-No. 1-to-Drain) 

9fs 

V ds = +15V,I d = 10mA 
v G2S = +4V ' f = 1kHz 

- 

12,000 

- 

ymho 

Small-Signal, Short-Circuit Input 
Capacitance t 

C iss 

V DS = +15V, l D = 10mA 

V G2S = +4V ' 

- 

6 

- 

pF 

Small-Signal, Short-Circuit, 

Reverse Transfer Capacitance 
(Drain-to-Gate No.1) * 

c rss 

0.005 

0.02 

0.03 

pF 

Small-Signal, Short-Circuit Output 
Capacitance 

c oss 


- 

2.0 

- 

pF 

Power Gain (see Fig. 1) 

G PS 


14 

18 

- 

dB 

Maximum Available Power Gain 

MAG 


- 

20 

- 

dB 

Maximum Usable Power Gain 
(unneutralized) 

MUG 


- 

20* 

- 

dB 

Noise Figure (see Fig. 1) 

NF 

Vps - +15V, Ip = 10mA 

Vq 2S = +4V ' f = 200 MHz 

- 

3.5 

6.0 

dB 

Magnitude of Forward Transadmittance 

lYfsl 

_ 

12,000 

- 

ymho 

Phase Angle of Forward Trans- 
admittance 

0 

- 

-35 

- 

degrees 

Input Resistance 

r iss 


- 

1.0 

- 

kfl 

Output Resistance 

r oss 


- 

2.8 

- 

left 

Protective Diode Knee Voltage 

v knee 

! DIODE(REVERSE)=±100uA 

- 

±10 

_ 

V 


♦Limited only by practical design considerations, 
f Capacitance between Gate No. 1 and all other terminals 

*Three-terminal measurement with Gate No. 2 and Source returned to guard terminal. 


• telemetry and multiplex equipment 

PERFORMANCE FEATURES 

• superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET s 

• wide dynamic range permits large-signal handling 
before overload 

• dual-gate permits simplified age circuitry 

• virtually no age power required 

• greatly reduces spurious responses in fm receivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

DEVICE FEATURES 

• back-to-back diodes protect each gate against 

handling and in-circuit transients 

• low gate leakage currents 

■GlSS & *G2SS = 20 nA(max.) at T A = 25°C 

• high forward transconductance 

gf s = 12,000 ymho (typ.) 

• high unneutralized RF power gain 

Gps = 18dB(typ.) at 200 MHz 

• low VH F noise figure 3.5 dBftyp.) at 200 MHz 

TERMINAL DIAGRAM 


LEAD 1 -DRAIN 
LEAD 2-GATE No. 2 
LEAD 3-GATE No. 1 
LEAD 4 -SOURCE, SUBSTRATE 
AND CASE 




#Ferrite bead (4); Pyroferric Co. "Carbonyl J” Q = 40673 
0,09 in. 0D, 0.03 in, ID, 0.063 in. thickness. y Disc ceramic 

All resistors in ohms *Tubular ceramic. 

All capacitors in pF 

Cj: 1.8- 8.7 pF variable air capacitor: E.F. Johnson Type 160-104, 
or equivalent. 

C 2 : 1.5- 5 pF variable air capacitor: E.F. Johnson Type 160-102, 
or equivalent 

C 3 : 1- 10 pF piston-type variable air capacitor: JFD Type V AM-010; 
Johanson Type 4335, or equivalent. 

C 4 : 0.8- 4.5 pF piston type variable air capacitor: Erie 560-013 or 
equivalent. 

Lj: 4 turns silver-plated 0.02-in. thick,0.075-0.085-in. wide, copper 
ribbon. Internal diameter of winding ■ 0.25 in, winding length 
approx. 0.80 in. 

L?: Wi turns silver-plated 0 . 02 -in. thick, 0.085-0.095-in. wide, 5/16-in. 
ID. Coil =? .90 in. long. 

Fig. 1. 2004AHz Power gain and noise- 
figure test circuit 


For characteristics curves, refer to type 3N187, 
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MOS FIELD-EFFECT DEVICES 


40819 


Silicon Dual-lnsulated-Gate Field-Effect Transistor 


N-Channel Depletion Type 

With Integrated Gate-Protection Circuits 

For RF Amplifier Applications up to 250 MHz 

RCA-40819 is an n-channel silicon, depletion type, dual in- 
sulated-gate field-effect transistor (FET). 

The excellent overall performance characteristics of the 
RCA-40819 make it useful for a wide variety of rf-amplifier 
applications at frequencies up to 250 MHz. The two serially- 
connected channels with independent control gates make 
possible a greater dynamic range and lower cross-modula- 
tion than is normally achieved using devices having only a 
single control element. 


The two-gate arrangement of the 40819 also makes possible 
a desirable reduction in feedback capacitance by operating 
in the common-source configuration and ac grounding Gate 
No. 2. The reduced capacitance allows operation at maxi- 
mum gain without neutralization and reduces local oscillator 
feedthrough to the antenna - features of special importance 
in rf and if amplifiers. 

Special back-to-back diodes are diffused directly into the 
MOS pellet and are electrically connected between each 
insulated gate and the FET's source. The diodes effectively 
bypass any voltage transients which exceed approximately 
±10 volts and protect the gates against damage in all normal 
handling and usage. 


ELECTRICAL CHARACTERISTICS, at T A = 25° C unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Gate-No. 1-to-Source Cutoff Voltage 

VGIS(off) 

Vds = + 15V, Id = 200mA 
VQ2S = +4 V 

- 

-2 

-4 

V 

Gate-No. 2-to-Source Cutoff Voltage 

VG2S(off) 

VqS = + 15V, Iq = 200/zA 

vgis = o 

- 

-2 

-4 

V 

Gate-No. 1-Leakage Current 

IG1SS 

VqiS = ± 6 V 

VOS = 0. V G2S = 0 

- 

- 

50 

nA 

Gate-No. 2-Leakage Current 

>G2SS 

Vg2S = ±6V 

VDS = O.VG1S = 0 

- 

- 

50 

nA 

Zero-Bias Drain Current 

•dss 

Vos = + 15 V 

VG2S = +4 V, Vgis = 0 

5 

15 

35 

mA 

Forward Transconductance (Gate-No. 1 -to-Drain) 

gfs 

VdS = +15 V, Iq = 10 mA 
Vq2S = +4 V, f = 1 kHz 

- 

12,000 

- 

pmho 

Small-Signal, Short-Circuit Input Capacitancet 

Ciss 

VoS = + 15V,lQ = 10mA 
' Vq2S = +4 V, f = 1 MHz 

- 

6 

- 

pF 

Small-Signal, Short-Circuit, 

Reverse Transfer Capacitance 
(Drain-to-Gate No.1)* 

C r ss 

0.005 

0.02 

0.03 

pF 

Small-Signal, Short-Circuit Output Capacitance 

Goss 

- 

2 

- 

pF 

Power Gain (see Fig. 1) 

GPS 

VqS = +15 V, Iq = 10 mA 
VQ2S = +4 V,f = 200 MHz 

14 

18 

- 

dB 

Maximum Available Power Gain 

MAG 

- 

20 

_ 

dB 

Maximum Usable Power Gain (unneutralized) 

MUG 

- 

20* 

- 

dB 

Noise Figure (see Fig. 1) 

NF 

- 

3.5 

6.0 

dB 

Magnitude of Forward Transadmittance 

IVfcl 

- 

12,000 

- 

gmho 

Phase -\ngle of Forward Transadmittance 

6 

- 

-35 

- 

degrees 

Input Resistance 

r iss 

- 

1 

- 

k O 

Output Resistance 

r oss 

- 

2.8 

- 

kH 

Protective Diode Knee Voltage 

v knee 

I diode (reverse) r ±100 /iA 

- 

±10 

- 

V 


* Limited only by practical design considerations. t Capacitance between Gate No.1 and all other terminals. 

4 Three-terminal measurement with Gate No.2 and Source returned to guard terminal. 



Fig. 1. 200 MHz power gain 


#Ferrite bead (4); Pyroferric Co. Q = 40673 

"Carbonyl J" 0.09 in OD; 0.03 ▼ Disc ceramic, 

in ID; 0.063 in thickness. * Tubular ceramic. 

All resistors in ohms 

All capacitors in pF 

Cl : 1.8 — 8.7 pF variable air capacitor: E. F. Johnson 

Type 160-104, or equivalent. 

C2* 1.5 — 5 pF variable air capacitor: E. F. Johnson Type 

160-102, or equivalent. 

C3: 1 — 10 pF piston-type variable air capacitor: JFD 

Type VAM-010; Johanson Type 4335, or equivalent. 

C4: 0.8 - 4.5 pF piston type variable air capacitor: Erie 

560-013 or equivalent. 

Li: 4 turns silver-plated 0.02-in thick, 0.075-0.085 in 
wide, copper ribbon. Internal diameter of winding = 
0.25 in, winding length approx. 0.80 in. 

L2-' 4-1/2 turns silver-plated 0.02 in thick, 0.085-0.095- 

in wide, 5/16-in; ID Coil = .90 in long. 

noise figure test circuit 

For characteristics curves, refer to type 3N187. 


The back-to-back diode configuration permits the 40819 to 
retain the wide input signal dynamic range inherent in the 
MOSFET. In addition, the low junction capacitance of these 
diodes adds little to the total capacitance shunting the signal 
gate. 

The 25-volt drain-to-source rating permits the use of higher 
voltage power supplies. 

The 40819 is hermtically sealed in the metal JEDECTO-72 
package. 


TERMINAL DIAGRAM 

LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 -GATE No.1 
LEAD 4 - SOURCE,, 

SUBSTRATE. AND CASE 


Device Features 

■ back-to-back diodes protect each gate against handling and 
in-circuit transients 

■ high forward transconductance: gf s = 12,000 pmho (typ.) 

■ high unneutralized RF power gain: G ps = 18 dB (typ.) at 
200 MHz 

■ low VHF noise figure: 3.5 dB (typ.) at 200 MHz 

■ low gate leakage currents: IqisS & *G2SS = 50 nA at T A = 25° C 

■ increased drain-to-source voltage rating: Vpg “ -0.2 to +25 V 



Performance Features 

■ superior cross-modulation performance and greater 
dynamic range than bipolar or- single-gate FET s 

■ wide dynamic range permits large-signal handling before 
overload 

■ virtually no age power required 

■ greatly reduces spurious responses in FM receivers 

■ dual gate permits simplified AGC circuitry 


Applications 

■ RF amplifier, mixer, and IF amplifier in military, 
industrial, and consumer communications equipment 

* aircraft and marine vehicular receivers 

■ CATV and MATV equipment 

■ telemetry and multiplex equipment 


Absolute Maximum Values, at T A 

- 25° C: 


Drain-to-Source Voltage, Vq§ . . 

-0.2 to +25 

V 

Gate Terminal Current, 

r G1S or, G2S 

±100 

PA 

Drain-to-Gate Voltage, 

v DG 1 ° r V DG2 

+31 

V 

Drain Current, Iq 

50 

mA 

Transistor Dissipation, Pj: 

At T A up to 25°C 

330 

mW 

At T A above 25°C 

derate linearly 2.2 mW/°C 

Ambient Temperature Range: 

Operating and Storage 

-65 to +175 

°C 

Lead Temperature (During Soldering): 

At distances 1/32 in from seating 
surface for 10 s max 

265 

°C 


Maximum Ratings 

Continuous Working Voltage # at T A = 25° C: 

Gate No.l-to-Source Voltage, Vqi S . . -6 to +3 V 

Gate No.2-to-Source Voltage, Vq 2 S • -6 to +6 or V 

4 0%ofV DS 

(whichever value is less) 

Drain-to-Gate Voltage, Vqq-j or 

V DG2 +25 V 


Continuous Working Voltage Ratings must be observed to maintain 
device characteristics. These ratings are based on long-term con- 
tinuous voltage operation but may be exceeded for short durations 
(e.g. testing of device characteristics), provided the absolute Maxi- 
mum Ratings are not exceeded. 
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MOS FIELD-EFFECT DEVICES 


40820 , 40821 


Silicon Dual-lnsuiated -Gate Field- Effect Transistors 


N-CHannel Depletion Types 

With Integrated Gate-Protection Circuits 
For VHF-TV Tuner Applications 

40820 — RF Amplifier 40821 — Mixer 


Device Features 

■ back-to-back diodes protect each gate against handling and in-circuit transients 

■ high forward transconductance: gf s = 12,000 /umho (typ.) 

■ high unneutralized RF power gain: G ps = 17 dB (typ.) at 200 MHz (40820) 

■ low VHF noise figure: 3.5 dB (typ.) at 200 MHz (40820) 

■ low gate leakage currents: I G1SS & ( G2SS = 50 nA 


RCA-40820 and 40821 are n-channel silicon, depletion type, 
dual-insulated-gate, MOS A field-effect transistors for RF 
amplifier (40820) and mixer (40821) applications in 
VHF-TV receivers and other commercial equipment 
operating at frequencies up to 250 MHz. 

These devices designed for VHF performance, provide 
excellent power gain, low-noise figures and have wide 
dynamic range. The dual-gate feature offers good cross- 
modulation performance over the AGC range and reduces 
feedback capacitance by shielding Gate No. 1 from the drain. 
The very low feedback capacitance also eliminates the need 
for circuit neutralization and reduces local oscillator feed- 
through to the antenna. 

Virtually no AGC power is required because of the high gate 
input resistance of the MOS FET types. Automatic AGC 
delay can be achieved with a very slight change in the input 
impedance by the application of AGC voltage to Gate No. 2. 

A Metal-Oxide-Semiconductor. 


Performance Features 

■ superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET s 

■ wide dynamic range permits large-signal handling 
before overload 

■ virtually no age power required 

■ dual gate permits simplified AGC circuitry 


The dual-gate arrangement also makes it possible to isolate 
the local oscillator signal from the incoming signal by 
applying each signal to a separate gate. 

Integral back-to-back diodes protect the gates against damage 
in normal handling and usage by limiting transient voltages 
that exceed ±10 volts. The 40820 and 40821 are hermeti- 
cally sealed in metal JEDEC TO-72 packages. 


TERMINAL DIAGRAM 



LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.1 

LEAD 4 - SOURCE, SUBSTRATE, AND CASE 


Maximum Ratings 

Continuous Working Voltage at T ^ = 25° C : 

Gate No. 1-to-Source Voltage, V G ig 

Gate No. 2-to-Source Voltage, V G2S 

Drain-to-Gate Voltage, Vp G i or Vp G2 

Absolute Maximum Values, at T^= 25° C: 

Drain-to-Source Voltage, Vpg 

Gate Terminal Current, I q - j 5 or l G2 g 

Drain-to-Gate Voltage, Vq G i or Vq G2 

Drain Current, Iq 

Transistor Dissipation: 

At T A up to 25° C 

At T A above 25° C 

Ambient Temperature Range: 

Operating and Storage 

Lead Temperature (During Soldering): 

At distances 1/32 in from seating 

surface for 10 s max 


40820 


-6 to +3 

-6 to +6 or 40% of Vpg 
(whichever value is less) 


40821 


—4.5 to +3 

4.5 to +4.5 or -4.5 to 40% of V DS 
(whichever value is less) 


derate linearly 2.2 mW/°C 
-65 to +175 I -65 to +175 


265 


+20 

+20 

V 

-0.2 to +20 

-0.2 to +20 

V 

±100 

±100 

pA 

+26 

+24.5 

V 

50 

50 

mA 

330 

330 

mW 


265 


— Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratings are 
not exceeded. 



Q = 40821 

▼Disc, ceramic. 

* Tubular ceramic. 

All resistors in ohms 

All capacitors in pF 

Ci, C2: 1.5—5 pF variable air capacitor: E.F. Johnson Type 
160-102 or equivalent. 

C3: 1-10 pF piston-type variable air capacitor: JFDType 
VAM-010, Johanson Type 4335, or equivalent. 

C4: 0.9—7 pF compression-type capacitor: ARCO 400 
or equivalent. 

Li: 5 turns silver-plated 0.02” thick, 0.07"-0.08" wide 
copper ribbon. Internal diameter of winding = 
0.25"; winding length approx. 0.65". Tapped at 
1-1/2 turns from Ci end of winding. 

L2: Ohmite Z 235 RF choke or equivalent 

L3: J. W; Miller Co. #4580 0.1 pH RF choke or 
equivalent. 

Note: If 500 meter is used in place of sweep detector, a 

low pass filter must be provided to eliminate local 
oscillator voltage from load. 


Fig.i - Conversion power gain test circuit for type 40821. For characteristics curves, refer to type 3N187. 
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MOS FIELD-EFFECT DEVICES 


40820 , 40821 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 


40820 

40821 

UNITS 

Mm. 

Typ. 

Max. 

Mm. 

Typ. 

Max. 

Gate No. 1 to Source Cutoff Voltage 

v G1S(off) 

V os = +15 V,I o »200mA,V G2S - +4V 

- 

-1 

-3 

- 

-1 

-3 

V 

Gate No. 2 to Source Cutoff Voltage 

v G2S(off) 

V DS » +15V,I d »200aiA,V g1s -0 

- 

-1 

-3 

- 

-1 

-3 

V 

Gate to-Source Forward Breakdown Voltage 
Gate No 1 

V (BR)G1SSF 

'gissf 

'G2SSF * 

100 pA 

V G2S V DS 0 

_ 

9 

_ 

_ 

11 


V 

Gate No 2 

V (BR)G2SSF 

V G1S V DS 0 

- 

9 

- 

- 

11 

- 

V 

Gate to Source Reverse Breakdown Voltage: 

Gate No 1 

V (BR)G1SSR 

'gissr 

'G2SSR 

100 u A 

V G2S V DS 0 

_ 

9 

_ 

_ 

11 

_ 

V 

Gate No 2 

V (BR)G2SSR 

v G is v DS o 


9 

- 

- 

11 

- 

V 

Gate No 1 Terminal Forward Current 

'G1SSF 

V DS V G2S 0 

V G1S 6V 

- 

- 

50 


- 

- 

nA 

V G is 4.5 V 

- 

- 

- 

- 

- 

50 

nA 

Gate No. 1 Terminal Reverse Current 

'gissr 

V DS V G2S 0 

V G1S 6V 

- 

■- 

50 


- 

- 

nA 

V G is 4 5 V 


- 



- 

50 

nA 

Gate No 2 Terminal Forward Current 

'G2SSF 

V 0S V G1S 0 

VG»..»V 

- 

- 

50 

- 

- 

- 

nA 

V G 2S 45 v 

- 

- 

- 



50 

nA 

Gate No. 2-Terminal Reverse Current 

'G2SSR 

V DS V G1S 0 

V G2S -6 V 


- 

50 

- 

- 


nA 

V G2S 4 5V 

- 

- 

- 

- 

- 

50 

nA 

Zero-Bias Drain Current 

'ds 

v DS <i5V,Vgis o,v G2S *4 V 

0.5 

8 

15 

05 

8 

20 

mA 

Forward Transconductance 
(Gate No. 1-to-Drain) 

9fs 

V DS *15V 

Iq 10mA 

V G 2S t4v 

f 1 kH/ 

- 

12000 

- 

- 

12000 

- 

pmho 

Small Signal, Short Circuit Input Capacitance* 

C.ss 

f 1 MH/ 


6 

85 

- 

6 

9 

pF 

Small Signal. Short Circuit. Reverse Transfer 
Capacitance (Drain-to Gate-No. 1)4 

G rss 

0 005 

0 02 

0.03 

0005 

002 

0.04 

pF 

Small Signal, Short Circuit Output Capacitance 

c oss 

- 

2 

- 

- 

2 

- 

pF 

Power Gain (see Fig. 6) 

G PS 


t 200 MH7 

14 

17 

- 

- 

- 

- 

dB 

Noise Figure (see Fig. 6) 

NF 

- 

45 

6 

- 

- 

. - 

dB 

Conversion Gain 

G PS(C> 

f 200/44 MHr 

- 

- 

- 

11 

- 

: - 

dB 


♦ Capacitance between Gate No 1 and all other terminals A Three terminal measurement with Gate No 2 and Source returned to guard terminal. 



^Ferrite bead (4); Pyroferric Co. Q = 40820 

"Carbonyl J" 0.09 in OD; 0.03 ▼ Disc ceramic, 

in ID. 0.063 in thickness. * Tubular ceramic. 

All resistors in ohms 

All capacitors in pF 

Ci: 1.8 — 8.7 pF variable air capacitor: E. F. Johnson 
Type 160-104, or equivalent. 

C2'. 1 .5 - 5 pF variable air capacitor: E. F. Johnson Type 

160-102, or equivalent. 

C3: 1 - 10 pF piston-type variable air capacitor: JFD 

Type V AM-010; Johanson Type 4335, or equivalent. 

C4: 0.8 - 4.5 pF piston type variable air capacitor: Erie 

560-013 or equivalent. 

Li: 4 turns silver-plated 0.02-in thick, 0.075-0.085 in 
wide, copper ribbon. Internal diameter of winding = 
0.25 in, winding length approx. 0.80 in. 

L2: 4-1/2 turns silver-plated 0.02 in thick, 0.085-0.095- 

in wide, 5/16-in; ID Coil ^0.90 in. long. 


Fig.2 - 200 MHz power gain and noise figure test circuit for type 40820. 


Table 1 — y parameters vs. frequency 


CHARACTERISTICS 

SYMBOL 

FREQUENCY (MHz) 

UNITS 

50 

100 

200 

250 

Y Parameters 







Input Conductance 

9is 

0.08 

0.33 

1.0 

1.6 

mmho 

Input Susceptance 

bis 

1.8 

3.6 

7.5 

9.8 

mm ho 

Magnitude Forward Transadmittance 

IVfcl 

12 

12 

12 

12.3 

mmho 

Angle of Forward Transadmittance 

<Vf s 

-2 

-13 

-35 

-45 

degrees 

Output Conductance 

9os 

0.10 

0.18 

0.36 

0.42 

mmho 

Output Susceptance 

bos 

0.5 

1.0 

2.0 

2.6 

mmho 

Magnitude of Reverse Transadmittance 

iVrsI 

8 

12 

25 

40 

jumho 

Angle of Reverse Transadmittance 

<Yrs 

-88 

-73 

-25 

-10 

degrees 
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MOS FIELD-EFFECT DEVICES 


40822-40823 


Silicon Dual-Insulated -Gate Field- Effect Transistors 

N-Channel Depletion Types 

With Integrated Gate-Protection Circuits 
For FM Tuner Applications 

40822 — RF Amplifier 40823— Mixer 


RCA-40822 and 40823 are n-channel silicon, depletion type, 
dual insulated-gate, field effect transistors for RF amplifier 
(40822) and mixer (40823) applications in FM receivers and 
other commercial equipment operating at frequencies up to 
150 MHz. 

These devices designed for VHF performance, provide 
excellent power gain, low-noise figures and have wide 
dynamic range. The dual-gate feature offers good cross- 
modulation performance over the AGC range and reduces 
feedback capacitance by shielding Gate No. 1 from the drain. 

The very low feedback capacitance also eliminates the need 
for circuit neutralization and reduces local oscillator feed- 
through to the antenna. 

Virtually no power is required in AGC utilizing the 40822 
and 40823. In addition, these devices minimize input 
impedance variations and automatically achieve AGC delay 
when AGC is applied to Gate No. 2. The dual-gate 

Maximum Ratings 

Continuous Working Voltage at T A = 25° C: 

Gate No. 1-to-Source Voltage, Vq-jj 

Gate No. 2-to-Source Voltage, Vq 2S -6 to +6 or 40% of Vqs 

(whichever value is less) 

Drain-to-Gate Voltage, Vqq-j or Vqq2 +20 

Absolute Maximum Values, at T ^ = 25° C: 

Drain-to-Source Voltage, Vps —0.2 to +18 

Gate Terminal Current, I q -| g or I Q2S ±100 

Drain-to-Gate Voltage, Vqqt or Vqq 2 +24 

Drain Current, Ip 50 

Transistor Dissipation: 

At T^ up to 25° C 330 

At T^ above 25° C 

Ambient Temperature Range: 

Operating and Storage —65 to +175 

Lead Temperature (During Soldering): 

At distances 1/32 in from seating 

surface for 10 s max 265 


Performance Features 


Device Features 

■ back-to-back diodes protect each gate against handling and in-circuit transier 

■ high forward transconductance: gf s = 12,000 Atmho (typ.) 

■ high unneutralized RF power gain: Gp $ = 24 dB (typ.) at 100 MHz (40822) 

■ low VHF noise figure: 2 dB (typ.) at 100 MHz (40822) 

■ low gate leakage currents: IqisS , G2SS = at ~ 25°C 


1 superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET's _ 
wide dynamic range permits large-signal handling 
before overload 

i virtually no age power required 
i greatly reduces spurious responses in FM receivers 
i dual gate permits simplified AGC circuitry 


arrangement also makes it possible to isolate the local 
oscillator signal from the incoming signal by applying each 
signal to a specific gate. 

Back-to-back diodes, diffused directly into the MOS pellet, 
protect the gates against damage in normal handling and 
usage by limiting transient voltages that exceed +10 volts. 
The 40822 and 40823 are hermetically sealed in metal 
JEDEC TO-72 packages. 


40822 


-6 to +3 


40823 

—4.5 to +3 

-4.5 to +4.5 or 40% of Vqs 
( whichever value is less) 
+20 


-0.2 to +18 
±100 
+ 22.5 
50 


derate linearly 2.2 mW/°C 


330 


V 
ma 

V 
mA 

mW 



-65 to +175 


265 


1 .3-5 pF variable air capacitor: E.F. Johnson Type 160-102 or 
equivalent. 

2.7-19.6 pF variable air capacitor: E.F. Johnson Type 
160-1 10 or equivalent. 

80 pF max. compression-type capacitor: Arco 405 or 
equivalent 

8 turns No. 22 wire on 1/4" diameter air core. One turn 
spacing between windings. Tapped at one turn from low end. 
37 turns No. 34 wire on 3/16” diameter air core. Unloaded Q 
= 63 
40823. 

Fig. 1 - 1 00/1 0.7-MHz conversion power gain test circuit 
for type 40823. 

LOCAL OSCILLATOR 


# Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratings are 
not exceeded. 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

40822 

40823 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Gate No. 1-to-Source Cutoff Voltage 

v G1S(off) 

V DS = +15V,I d =2Q0mA,V G2 s =! +4V 

- 

-2 

-4 

- 

-2 

-4 

V 

Gate No. 2-to-Source Cutoff Voltage 

V G2S(off) 

V ds = +15V,I d =20OmA,V g1s =O 

- 

- 2 

-4 

- 

-2 

- 4 

V 

Gate to- Source Forward Breakdown Voltage: 

Gate No. 1 

V (BR)G1SSF 

'gissf = 

'G2SSF = 

V G2S = V DS'° 

_ 

9 

• _ 

_ 

11 

_ 

V 

Gate No. 2 

V (BR)G2SSF 

100 MA 

V G1S = V DS = 0 

_ 

9 

- 

- 

11 

- 

V 

Gate-to-Source Reverse Breakdown Voltage: 

Gate No. 1 

V (BR)G1SSR 

■gissr = 

■G2SSR = 

V G2S = V DS = 0 


9 

_ 

_ 

11 

_ 

V 

Gate No. 2 

V (8R)G2SSR 

100 nA 

V G1S = V DS = 0 

- 

9 

- 

- 

11 

- 

V 

Gate No. 1 Terminal Forward Current 

'gissf 

V DS = V G2S = 0 

V G1S = 6V 

- 

- 

50 

- 

- 

- 

nA 

V G is = 45V 

- 

- 

- 

- 

- 

50 

nA 

Gate No. 1 Terminal Reverse Current 

'gissr 

V DS = V G2S = ° 

Vqi S = -6V 

- 

- 

50 

- 

- 

- 

nA 

V G is = -4.5 V 

- 

- 

- 

- 

- 

50 

nA 

Gate No. 2 Terminal Forward Current 

'G2SSF 

v DS -v G1s ^o 

V G 2S=6V 

- 

- 

50 

- 

- 

- 

nA 

V G2 s = 4.5 V 

- 

- 

- 

- 

- 

50 

nA 

Gate No. 2-Terminal Reverse Current 

*G2SSR 

V DS = V G1S = 0 

v G2S=-6 V 

_ 

_ 

50 

_ 

_ 

_ 

nA 

V G 2S = -4-5 V 

- 

- 

- 

- 

- 

50 

nA 

Zero-Bias Drain Current 

'ds 

Vqs = +15 V. V G1S = 0,V G2 s - +4 V 

5 

15 

30 

5 

15 

35 

mA 

Forward Transconductance 
(Gate No. Ito-Drain) 

9fs 

V DS = +15 v 

Iq = 10 mA 

V G2S = +4 v 

f = 1 kHz 

- 

12000 

- 

~ 

12000 


£imho 

Small-Signal. Short-Circuit Input Capacitance t 

c, ss 

f.= 1 MHz 

- 

6.5 

9.5 

- 

6.5 

10 

PF 

Small Signal. Short Circuit, Reverse Transfer 
Capacitance (Drain-to-Gate-No. 1)4 

G rss 

0.005 

0.020 

0.030 

0.005 

0.025 

0.045 

pF 

Small-Signal, Short-Circuit Output Capacitance 

c oss 

- 

2 

- 

- 

2 

- 

pF 

Power Gain (see Fig. 5) 

G PS 

f = 100MHz 

19 

' 24 

- 

- 

- 

- 

dB 

Noise Figure (see Fig. 5) 

NF 

- 

2 

3.5 

- 

- 

- 

dB 

Conversion Gain 

G PS(C) 

f = 100 to 10.7MHz 

- 

J 

- 

14 

18 

- 

dB 



Ci,C2: 1. 3-5.4 pF variable air capacitor 

C3: T10 pF variable air capacitor, piston type: 
Johanson Co., No. 4335 

C4: 1-15 pF variable air capacitor, precision piston type: 
Roanwell Corp. SG11129/AG 
L 1/ L 2 : 0.22 JUH RF choke (7T): Miller, No. 4584 

# Ferramic toroid (1/2 used): I ndiana General, 

No. CF 101 (0-6) 

Fig. 2 - 100-M Hz power gain and noise figure test circuit 
for type 40822. 

TERMINAL DIAGRAM 


LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No. 1 

LEAD 4 - SOURCE, SUBSTRATE AND CASE 



t Capacitance between Gate No 1 and ali other terminals. 


4 Three-terminal measurement with Gate No. 2 and Source returned to guard terminal. 


For characteristics curves, refer to type 3N187. 
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MOS FIELD-EFFECT DEVICES 


40841 


Silicon Dual- Insulated Gate Field-Effect Transistor 


N-Channel Depletion Type 

With Integrated Gate-Protection Circuits 
General-Purpose Economy Type for Applications 
from DC to 500 MHz 

RCA-40841 is an n-channel silicon, depletion type, dual- 
insulated gate, field-effect transistor intended for general- 
purpose applications from DC to frequencies up to 500 MHz. 

This MOS/FET provides excellent power gain, linear-circuit 
operation and has a wide dynamic operating range. Its 
square-law characteristics result in low cross-modulation 
performance over the AGC range. Its dual-gate construction 
reduces feedback capacitance by shielding Gate No. 1 from 
the drain, and makes it possible to isolate the local oscillator 
signal from the incoming signal bv applying the two signals 
to separate gates. The very low feedback capacitance of this 
device eliminates the need for neutralization in circuits using 
the dual-gate configuration. Use of the device in the RF 
input stage of a receiver reduces local oscillator feed-through 
to the antenna. The 40841 requires negligible AGC power, 
provides automatic delay when AGC is applied to Gate No. 

2, and exhibits slight input impedance variations during AGC 
functioning. The device has exceptionally high input im- 
pedance, an attribute for timing-circuit design. 

Back-to-back diodes are fabricated on the same monolithic 
silicon pellet as the MOS/FET to protect the gates against 
damage due to electrostatic charges frequently encountered 
during normal handling. These back-to-back diodes also 
function as "transient trappers" by limiting in-circuit 
transient voltages that exceed ±10 volts. 

Maximum ratings and electrical characteristics are included in 
the data for operation of the 40841 as the equivalent of a 
single-gate device. For single-gate operation, connect Gate 
No. 1 (Term. 2) to Gate No. 2 (Term. 3), as shown in the 
Terminal Diagrams on Page 2. The 40841 MOS/FET is 
hermetically sealed in the metal JEDEC TO-72 package. 


Device Features: 

■ back-to-back diodes protect gate insulation against damage 
due to static changes frequently encountered during handling 

■ high forward transconductance: gf$ = 12,000 /imho (typ.) 

■ high power gain: Gp$ = 32 dB (typ.) at 44 MHz 

■ gate leakage currents: IG1SS and l G2SS = 60 nA (max.) 
at Ta = 25°C 

■ high input impedance 

■ excellent thermal stability 

Performance Features: 

■ superior cross-modulation performance and greater dynamic 
range than bipolar and junction-gate FETs 

■ wide dynamic range permits large-signal handling before 
overloading 

■ virtually no age power required 

■ greatly reduced spurious responses in AM and FM receivers 

■ dual-gate configuration permits simplified AGC circuitry 

■ operates at frequencies to 500 MHz without neutralization 
in circuits utilizing the dual-gate configuration 

■ operates up to UHF with low-noise performance 


The following dual-gate MOS/FET types are specified for 
applications requiring premimum-grade performance: 3N200, 
3N187, 40673, 40819, 40820, 40821, 40822, and 40823. 

Detailed information, utilizing RCA dual-gate protected 
MOS/FETs in RF applications, is given in the following RCA 
Application Notes: AN-4431 "RF Applications of the 
Dual-Gate MOS/FET up to 500 MHz” and AN-4018 "Design 
of Gate-Protected MOS Field-Effect Transistors". 


Maximum Ratings 

Dual-Gate 

Single-Gate 

Absolute Maximum Values, at Ta = 2S°C: 

Drain-to-Source Voltage, VpS 

Configuration 

Configuration 

-0.2 to +18 

-0.2 to +18 

Gate Terminal Current, Iqis or |Q2S 

±100 

- 

Gate Terminal Current, Iqs 

— 

±100 

Drain-to-Gate Voltage, Vqgi or Vqq2 

+24 

- 

Drain-to-Gate Voltage, Vqq 

- 

+24 

Drain Current, Iq 

50 

50 

Transistor Dissipation: 

AtT A upto25°C 

330 

330 

At T A above 25°C 

derate linearly 2.2 mW/°C 

Ambient Temperature Range: 

Operating and Storage 

-65 to +175 

-65 to +175 

Lead Temperature (During Soldering): 

At distances 1/32 in from seating surface for 10 s max 

265 

265 

Continuous Working Voltage # at Ta - 25°C: 

Gate No. 1-to-Source Voltage, Vqis 

—4.5 to +3 


Gate No. 2-to-Source Voltage, Vq2S 

-4.5 to +4.5 or 40% of VdS 

- 

Gate-to-Source Voltage, Vqs 

(whichever value is less) 

—4.5 to +3 

Drain-to-Gate Voltage, VDG1 or VdG2 

+20 

_ 

Drain-to-Gate Voltage, Vqq 

- 

+20 


V 
pA 
/iA 

V 

V 
mA 

mW 


°C 

°C 

V 

V 

V 

V 

V 


#Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratings 
are not exceeded. 


Applications: 

■ DC amplifiers 

■ RF amplifiers 

■ mixers 

■ IF amplifiers 

■ video amplifiers 

■ differential amplifiers 

■ frequency multipliers 

■ phase splitters 

■ industrial timers — long 

■ thyristor trigger circuits 


■ choppers 

■ voltage-controlled attenuators 

■ constant-current source 

■ voltage regulators 

■ telemetry & multiplex 

■ servo amplifiers 

■ proximity switches 

e delays 


TERMINAL DIAGRAMS 


SINGLE-GATE CONFIGURATION 



LEAD 1 -DRAIN 
LEADS— 2 AND 3-GATE 
LEAD 4-SOURCE, 
SUBSTRATE AND CASE 


DUAL-GATE CONFIGURATION 



LEAD 1-DRAIN 
LEAD 2-GATE No.2 
LEAD 3-GATE No.1 
LEAD 4-SOURCE 
SUBSTRATE AND CASE 



92CS-I804I 


Fig. 1 -IQ vs. Vqis- 



92CS-I8042 



DRAIN -TO -SOURCE VOLTS t V DS ) 

92CS-I8043 


Fig. 2— Ip vs. VQ2S- 


Fig.3-lo vs. VqS- 



-z -I 0 +1 

GATE NO. I-T0-S0URCE VOLTS <V GIS ) 

92SS-4096 


Fig.4-gf s vs. Vqis ■ 
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MOS FIELD-EFFECT DEVICES 


40841 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

| LIMITS 

UNITS 

am 

EESESZSI 1 

DCS 

K223 

1323 

Ed 

H23 

1323 

Gate-to-Source Cutoff Voltage: 

Dual-Gate (No. 1) 

VGIS(off) 

V DS - + 16V,*1 D -200jtA,VQ2S** +AV 

_ 

-2 

_ 

_ 

_ 

_ 

V 

Dual-Gate (No. 2) 

VG2S(off) 

V DS - + 16V,l o -200jiA,V G1s -0 

- 

-2 

- 

- 

- 

- 

V 

Single Gate 

VGS(off) 

V DS - +15V,I d - 200>tA 

- 

- 

- 

- 

-1.6 

- 

V 

Gate-to-Source Forward Breakdown Voltage: 
Dual-Gate (No. 1) 

V(BR)G1SSF 

IG1SSF = 

'G2SSF = 

100 mA 

V G2S = Vds = ° 

_ 

9 

_ 

_ 

_ 

_ 

V 

Dual-Gate (No. 2) 

V(BR)G2SSF 

VG1S= v DS= 0 

- 

9 

- 

- 

- 

- 

V 

Single-Gate 

V(BR)GSSF 

IGSSF = 100/iA, Vqs = 0 

- 

“ 

- 

- 

9 

- 

V 

Gate-to-Source Reverse Breakdown Voltage: 
Dual-Gate (No. 1 ) 

V(BR)G1SSR 

IG1SSR = 

'G2SSR = 

100/iA 

VG2S = Vds = 0 

_ 

9 

_ 

_ 

_ 

_ 

V 

Dual-Gate (No. 2) 

V(BR)G2SSR 

VG1S = V DS = 0 

- 

9 

- 

- 


- 

V 

Single Gate 

V(BR)GSSR 

•GSSR = lOOjuA, V DS = 0 

- 

- 

- 

- 

9 

- 

V 

Gate Terminal Forward Current: 

Dual -Gate (No. 1) 

•gissf 

VDS= VQ2S = 0, V G 1S= 6 V 

_ 

_ 

60 

_ 

_ 

. _ 

nA 

Dual Gate (No 2) 

'G2SSF 

VDS= V G 1S= O.V G 2S= 6 V 

- 

- 

60 

- 

- 

- 

nA 

Single-Gate 

'GSSF 

Vds = o, V G s = 6 V 

- 

- 

- 

- 

- 

120 

nA 

Gate Terminal Reverse Current: 

Dual-Gate (No. 1 ) 

'G1SSR 

VdS = Vg2S = 0, V G 1S = ~ 6V 

_ 

. 

60 

_ 

_ 

_ 

nA 

Dual -Gate (No. 2) 

'G2SSR 

YdS = YgiS = 0- v G2S= ~6V 

- 

- 

60 

- 

- 

- 

nA 

Single-Gate 

>GSSR 

vds = o. vgs = -6 v 

- 

- 

- 

- 

- 

120 

nA 

Zero-Bias Drain Current: 

Dual-Gate 

'ds 

Vds = +15 V, VQ1S = 0,V G 2S= +4V 

_ 

10 

_ 

_ 

_ 

_ 

mA 

Single-Gate 

idss 

vds = +15 v. v gs = ° 

- 

- 


- 

3.7 

- 

mA 

Forward Transconductance (Gate-to-Drain) 

Dual-Gate 

9fs 


1 kHz 

_ 

12000 

_ 

_ 

_ 

_ 

/imho 

Single-Gate 

9fs 

v D s = +i5 v 

Iq = 10 mA 
(Dual -Gate only "I 

l VG2S= +4vJ 

f = 1 MHz 

- 

- 

- 

- 

7000 

- 

/imho 

Small-Signal, Short-Circuit Input Capacitancet 

Ciss 

- 

6.5 

- 

- 

11 

- 

pF 

Small-Signal, Short-Circuit, Reverse Transfer 
Capacitance (Drain-to-Gate-No. D* 

c rss 

- 

0.02 

_ 


0.54 


pF 

Small-Signal, Short-Circuit Output Capacitance 

Coss 

- 

2 

- 

- 

2 

- 

PF 

Audio Spot Noise Figure* 

Dual-Gate 

NF 

f = 1 kHz 


0.46 





dB 

Single-Gate 

NF 


f = 1 kHz 

_ 

- 

- 

- 

0.29 

- 

dB 

Power Gain 

Gps 


44 MHz 

- 

32 

- 

- 

- 


dB 

Conversion Gain 

Gps(C) 

- 

24 


- 

- 

- 

dB 


t Capacitance between Gate No. 1 and all other terminals (Dual-Gate), Gate and all other terminals (Single-Gate) 
* Three-terminal measurement with Gate No. 2 and Source returned to guard terminal (Dual-Gate) 


Noise Figure = 10 log^Q 



4 KT BW R g ! 


where K = 1 .38 x 10 ^ T = Temperature in °Kelvin; BW = Bandwidth in Hz; 
R g = Generator resistance 
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Fig.6—e n vs. f. 


TYPICAL CHARACTERISTICS FOR 40841 IN SINGLE-GATE CONFIGURATION 
(Terminals 2 and 3 tied together to comprise effective single-gate) 



92CS-I8044 


Fig. 7— Ip vs. V OS- 


TYPICAL CHARACTERISTICS FOR 40841 IN 
SINGLE-GATE & DUAL-GATE CONFIGURATION 
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TO VERTICAL 
AMPLIFIER 


TO VERTICAL 
AMPLIFIER 


+ 1 3 V 


92CM-I8048 


Fig. 1 1 -Typical differential amplifier utilizing the 4084 1 in the vertical input stage of a solid-state oscilloscope. 
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MOS FIELD-EFFECT DEVICES 


40841 


SOLID-STATE TIMER FOR INDUSTRIAL APPLICATIONS 



A Cornell-Dubilier Electronics— Type MMW or equivalent. 

* R controls duration of time delay. At R = 60 MO up to 
5-minute delay (IRC resistor, Type CGH or equivalent) 

^ This circuit can also be used at supply voltages of 240 V AC 
and 24V AC (60 Hz) by changing the values of R 1 and Q3. 


TIMING CIRCUIT CHARACTERISTICS 

Q2: 

V D RM = 60V 

T A = — 25°C to +60°C 


l GT = 200pA 

Accuracy: ±10% (over temperature) 


lT= 0.8 A 

Repeatability: ±3% (at 25°C) 

D3: 

1 r = 1 nA 

Reset Time; Less than 150 ms 


V R = 60V 


Fig. 12— Typical timing circuit utilizing the 40841 in a single-gate configuration. 
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COS/MOS Digital 
Integrated Circuits 


Classification Charts: 

Standard (“A”-Series) Types 358 

High-Voltage (“B”-Series) Types 359 

Cross-Reference Guides 360 

General Considerations: 

Maximum Ratings 362 

Electrical Characteristics 362 

Design and Operating Considerations 365 

Technical Data: 

Standard (“A”-Series) Types 369 

High-Voltage (“B”-Series) Types 509 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


COS/MOS 1C Standard (CD4000A) Series Function Classification Chart 


SINGLE-LEVEL 


MULTI-LEVEL 


MULTIVIBRATORS 


NOR/NAND 


CD4000A 

CD4001A 

CD4002A 

CD4011A 

CD4012A 

CD4023A 

CD4025A 



CD4007A 

CD4009A 

CD4010A 

CD4041A 

CD4049A 

CD4050A 


MULTIFUNCTION/ 

DECODERS/ 

SCHMITT 

FLIP-FLOPS/ 

ASTABLE/ 

AOI 

ENCODERS 

TRIGGER 

LATCHES 

MONOSTABLE 

CD4019A 

CD4028A 


CD4013A 

CD4047A 

CD4030A" 



CD4027A 


CD4037A 



CD4042A 


CD4048A 



CD4043A 

CD4044A 


■See 

Comparators 

1 


1 



REGISTERS 

COUNTERS 

DISPLAY DRIVERS 



FIFO 


1 




SHIFT 

STORAGE 

BUFFER 

BINARY RIPPLE 

SYNCHRONOUS 

WITH COUNTER 

FOR LCD^ DRIVE 

FOR LED*® DRIVE 

Static 

CD4006A 



CD4020A 

CD4Q17A 

CD4026A 



CD4014A 



CD4024A 

CD4018A 

CD4033A 



CD4015A 



CD4040A 

CD4022A 




CD4021A 



CD4045A 

CD4029A 




CD4031A 

CD4034A 

CD4035A 



CD4060A 

CD4059A 




Dynamic 

CD4062A 




1 





MULTIPLEXERS/ 
DEMULTIPLEXERS PHASE- 
ANALOG/ LOCKED 

DIGITAL L00P 

DATA SELECTORS 


ARITHMETIC CIRCUITS 
PARITY 

ALU/RATE GENERATOR/ MULTIPORT WORD- 


MEMORIES 

RAM'S 


QUAD 

BILATERAL 

SWITCHES 


COMPARATORS MULTIPLIERS I CHECKER 


REGISTER ORGANIZED ORGANIZED 



CD4061A 

CD4016A# 

CD4066A4 


♦See 



r Liquid Crystal Display •• Light- Emitting Diode 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


COS/MOS 1C High-Voltage (CD4000B) Series Function Classification Chart 


GATES 

MULTIVIBRATORS 

SINGLE-LEVEL 

MULTILEVEL 



BUFFERS & 

MULTIFUNCTION/ 

DECODERS/ 

SCHMITT 

FLIP-FLOPS/ 

ASTABLE/ 

NOR/NAND 

OR/AND 

INVERTERS 

AOI 

ENCODERS 

TRIGGER 

LATCHES 

MONOSTABLE 

CD4000B 

CD4071B 

CD4009B 

CD4070B* 

CD4514B 

CD4093B 

CD4013B 

CD4098B 

CD4001B 

CD4072B 

CD4010B 

CD4077B* 

CD4515B 


CD4027B 


CD4002B 

CD4073B 

CD4041B 

CD4085B 

CD4532B 


CD4042B 


CD4011B 

CD4075B 

CD4049B 

CD4086B 

CD4555B* 


CD4043B 


CD4012B 

CD4081B 

CD4050B 


CD4556B* 


CD4044B 


CD4023B 

CD4082B 

CD4069B 




CD4076B** 


CD4025B 


CD4502B 




CD4095B 


CD4068B 


CD40107B 




CD4096B 


CD4078B 

CD40107B 


Level Shifter 

CD40109B 




CD4099B** 

CD4508B 





■See 

★See 


**See Storage 





Comparators 

Demultiplexers 


Registers 



REGISTERS 


COUNTERS 


DISPLAY DRIVERS 


Static 

CD4094B 

CD40100B 

CD40104B 

CD40194B 


CD4076B 
CD4099B 
CD401 08B « 


•See 

Multiport 

Register 


FIFO 

BUFFER 


BINARY RIPPLE SYNCHRONOUS WITH COUNTER FOR LCD* DRIVE FOR LED*# DRIVE 


CD4510B 

CD4516B 

CD4518B 

CD4520B 

CD40102B 

CD40103B 

CD40192B 

CD40193B 


CD4054B 

CD4055B 

CD4056B 


CD4511B 


MULTIPLEXERS/ 
DEMULTIPLEXERS PHASE 


ANALOG/ 

DIGITAL 

DATA SELECTORS 


CD4016B* 

CD4051B 

CD4052B 

CD4053B 

CD4067B 

CD4097B 

CD4555B® 

CD4556B® 

CD40257B 


LOCKED 

LOOP 


ADDERS/ 

COMPARATORS 


CD4008B 

CD4063B 

CD4070B* 

CD4077B* 


ARITHMETIC CIRCUITS 
PARITY 

ALU/RATE GENERATOR/ MULTIPORT WORD 
MULTIPLIERS CHECKER REGISTER ORGAfS 


MEMORIES 

RAM'S 


CD4089B CD40101 B CD40108B CD401C 

CD4527B 

CD40181 B 

CD40182B 


ORGANIZED 


CD40108B* 


BIT- 

ORGANIZED 


QUAD 

BILATERAL 

SWITCHES 


CD4016B# 


•See Quad 

Bilateral 

Switch 

©See 

Decoders/ 

Encoders 


♦See 

Multifunction/ 
AO I 


•See 

Multiport 

Register 


♦See 

Multiplexers 


? Liquid Crystal Display 


►Light-Emitting Diode 

359 
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Replacement Guide 


For information on the package types available for any given type, refer to the manufacturer's published data. RCA Similar Type may 
not be identical with other Mfg. Type in every detail. Refer to manufacturer's published date for further information. 


Analog 

RCA 

Devices 

Similar 

Type 

Type 

AD7502 

CD4052 

AD7506 

CD4067 

AD7507 

CD4097 

Fairchild 

RCA 

Semiconductor 

Similar 

Type 

Type 

4528 

CD4098 

4581 

CD40181 

4582 

CD40182 

34001 

CD4001 

34002 

CD4002 

34006 

CD4006 

34007 

CD4007 

34008 

CD4008 

34011 

CD4011 

34012 

CD4012 

34013 

CD4013 

34014 

CD4014 

34015 

CD4015 

34016 

CD4016 

34017 

CD4017 

34018 

CD4018 

34019 

CD4019 

34020 

CD4020 

34021 

CD4021 

34022 

CD4022 

34023 

CD4023 

34024 

CD4024 

34025 

CD4025 

34027 

CD4027 

34028 

CD4028 

34029 

CD4029 

34030 

CD4030 

CD4070 

34035 

CD4035 

34040 

CD4040 

34041 

CD4041 

34042 

CD4042 

34043 

CD4043 

34044 

CD4044 

34046 

CD4046 

34049 

CD4049 

34050 

CD4050 

34051 

CD4051 

34052 

CD4052 

34053 

CD4053 

34066 

CD4066 

34067 

CD4067 

34068 

CD4068 

34069 

CD4069 

34070 

CD4070 

34071 

CD4071 

34072 

CD4072 

34073 

CD4073 

34075 

CD4075 

34076 

CD4076 

34077 

CD4077 

34078 

CD4078 

34081 

CD4081 

34082 

CD4082 

34085 

CD4085 

34086 

CD4086 

34097 

CD4097 

34099 

CD4099 

34104 

CD40104 

34510 

CD4510 

3451 1 

CD4511 

34514 

CD4514 

34515 

CD4515 

34516 

CD4516 

34518 

CD4518 

34520 

CD4520 

34527 

CD4527 

34528 

CD4098 

34532 

CD4532 


Fairchild 

RCA 

Semiconductor 

Similar 

Type 

Type 

34555 

CD4555 

34556 

CD4556 

34585 

CD4063 

34703 

CD40105 

34731 

CD4031 

340083 

CD4008 

340085 

CD4063 

340192 

CD40192 

340193 

CD40193 

340194 

CD40194 

34710 

CD4036 

34710 

CD4039 

34720 

CD4061 

General 

RCA 

Instrument 

Similar 

Type 

Type 

MEM4001 

CD4001 

MEM4007 

CD4007 

MEM401 1 

CD4011 

MEM4013 

CD4013 

MEM4016 

CD4016 

MEM4016 

CD4066 

MEM4049 

CD4049 

MEM4050 

CD4050 

MEM4051 

CD4051 

MEM4053 

CD4053 

Harris 

RCA 

Semiconductor 

Similar 

Type 

Type 

HD74C00 

CD4011 

HD74C02 

CD4001 

HD74C04 

CD4069 

HD74C10 

CD4023 

HD74C20 

CD4012 

HD74C42 

CD4028 

HD74C74 

CD4013 

HD74C76 

CD4027 

HD74C173 

CD4076 

HD74C1 92 

CD40192 

HD74C193 

CD40193 

HD4000 

CD4000 

HD4001 

CD4001 

HD4002 

CD4002 

HD4006 

CD4006 

HD4007 

CD4007 

HD4008 

CD4008 

HD4009 

CD4009 

HD4010 

CD4010 

HD4011 

CD4011 

HD4012 

CD4012 

HD4013 

CD4013 

HD4014 

CD4014 

HD4015 

CD4015 

HD4016 

CD4016 

HD4017 

CD4017 

HD4018 

CD4018 

HD4019 

CD4019 

HD4020 

CD4020 

HD4021 

CD4021 

HD4022 

CD4022 

HD4023 

CD4023 

HD4024 

CD4024 

HD4025 

CD4025 

HD4027 

CD4027 

HD4028 

CD4028 

HD4029 

CD4029 

HD4030 

CD4030 


CD4070 

HD4035 

CD4035 

HD4040 

CD4040 

HD4049 

CD4049 

HD4050 

CD4050 


Harris 

RCA 

Semiconductor 

Similar 

Type 

Type 

HD4066 

CD4066 

HD4093 

CD4093 

HD4094 

CD4094 

HD4507 

CD4097 

HD4518 

CD4518 

HD4520 

CD4520 

HD4529 

CD4052 

HD4811 

CD4077 

HD4814 

CD4069 

HI506A 

CD4067 

HI507A 

CD4097 

HI508A 

CD4051 

HI509A 

CD4052 

HI1818A 

CD4051 

HI1828A 

CD4052 


RCA 

Intersil 

Similar 

Type 

Type 

TM6523 

CD4061 



RCA 

Motorola 

Similar 

Type 

Type 

MCI 4000 

CD4000 

MCI 4001 

CD4001 

MCI 4002 

CD4002 

MCI 4006 

CD4006 

MCI 4007 

CD4007 

MCI 4008 

CD4008 

MC1401 1 

CD4011 

MC14012 

CD4012 

MC14013 

CD4013 

MCI 401 4 

CD4014 

MC14015 

CD4015 

MC14016 

CD4016 

MC14017 

CD4017 

MC14020 

CD4020 

MCI 402 1 

CD4021 

MC14022 

CD4022 

MCI 4023 

CD4023 

MC14024 

CD4024 

MC 14025 

CD4025 

MCI 4027 

CD4027 

MC14028 

CD4028 

MC14032 

CD4032 

MC14034 

CD4034 

MC14035 

CD4035 

MCI 4038 

CD4038 

MCI 4040 

CD4040 

MC14042 

CD4042 

MCI 4043 

CD4043 

MCI 4044 

CD4044 

MCI 4046 

CD4046 

MCI 4049 

CD4049 

MCI 4049 

CD4009 

MC14050 

CD4050 

MCI 4050 

CD4010 

MCI 4051 

CD4051 

MC14052 

CD4052 

MC14053 

CD4053 

MCI 4066 

CD4066 

MCI 4068 

CD4068 

MCI 4069 

CD4069 

MCI 4070 

CD4070 

MC14071 

CD4071 

MC14072 

CD4072 

MCI 4073 

CD4073 

MCI 4075 

CD4075 

MCI 4076 

CD4076 

MCI 4077 

CD4077 

MCI 4078 

CD4078 

MCI 4081 

CD4081 

MCI 4082 

CD4082 



RCA 

Motorola 

Similar 

Type 

Type 

MC14501 

CD4068 

MC14502 

CD4502 

MCI 4506 

CD4085 

MCI 4507 

CD4030 

MCI 4507 

CD4070 

MCI 4508 

CD4508 

MCI 4510 

CD4510 

MCI 4510 

CD4029 

MCI 4510 

CD40192 

MCI 45 1 1 

CD4511 

MCI 45 14 

CD4514 

MCI 4515 

CD4515 

MCI 4516 

CD4516 

MCI 45 1 6 

CD40193 

MCI 4518 

CD4518 

MCI 4519 

CD4019 

MCI 4520 

CD4520 

MCI 4521 

CD4045 

MCI 4522 

CD4018 

MC14525 

CD4089 

MC14527 

CD4527 

MC14528 

CD4098 

MC14529 

CD4067 

MC14531 

CD40101 

MC14532 

CD14532 

MC14543 

CD4056 

MCI 4555 

CD4555 

MC14556 

CD4556 

MC14557 

CD4031 

MCI 4558 

CD4055 

MCI 4562 

CD4062 

MCI 4569 

CD4059 

MC 14572 

CD4069 

MC 14580 

CD40108 

MCI 4581 

CD40181 

MC 14581 

CD4057 

MCI 4582 

CD40182 

MC14583 

CD40100 

MCI 4584 

CD4016 

MCI 4585 

CD4063 

MCM 14537 

CD4061 


RCA 

National 

Similar 

Type 

Type 

MM 1451 1 

CD4511 

MM74C00 

CD4011 

MM74C02 

CD4001 

MM74C04 

CD4069 

MM74C08 

CD4081 

MM74C10 

CD4023 

MM74C20 

CD4012 

MM74C30 

CD4068 

MM74C32 

CD4071 

MM74C42 

CD4028 

MM74C74 

CD4013 

MM74C76 

CD4027 

MM74C83 

CD4008 

MM74C85 

CD4063 

MM74C86 

CD4030 

CD4070 

MM74C1 73 

CD4076 

MM74C192 

CD40192 

MM74C193 

CD40193 

MM74C200 

CD4061 

MM74C221 

CD4098 

MM4000 

CD4000 

MM4001 

CD4001 

MM4002 

CD4002 

MM4006 

CD4006 

MM4007 

CD4007 

MM4008 

CD4008 

MM4009 

CD4009 

MM4010 

CD4010 

MM4011 

CD401 1 


National 

RCA 

Similar 

Type 

Type 

MM4012 

CD4012 

MM4013 

CD4013 

MM4014 

CD4014 

MM4015 

CD4015 

MM4016A 

CD4016 

MM4017 

CD4017 

MM4018 

CD4018 

MM4019 

CD4019 

MM4020 

CD4020 

MM4021 

CD4021 

MM4022 

CD4022 

MM4023 

CD4023 

MM4024 

CD4024 

MM4025 

CD4025 

MM4027 

CD4027 

MM4028 

CD4028 

MM4029 

CD4029 

MM4030 

CD4030 

MM4031 

CD4070 

CD4031 

MM4035 

CD4035 

MM4040 

CD4040 

MM4042 

CD4042 

MM4043 

CD4043 

MM4044 

CD4044 

MM4048 

CD4048 

MM4049 

CD4049 

MM4050 

CD4050 

MM4051 

CD4051 

MM4052 

CD4052 

MM4053 

CD4053 

MM4066 

CD4066 

MM4069 

CD4069 

MM4070 

CD4070 

MM4076 

CD4076 

MM4086 

CD4086 

MM4510 

CD4510 

MM4511 

CD4511 

MM4516 

CD4516 

MM4518 

CD4518 

MM4520 

CD4520 

MM4601 

CD4001 

MM4602 

CD4002 

MM4606 

CD4006 

MM4607 

CD4007 

MM4609 

CD4009 

MM4610 

CD4010 

MM4611 

CD4011 

MM4612 

CD4012 

MM4613 

CD4013 

MM4614 

CD4014 

MM4616 

CD4016 

MM4617 

CD4066 

CD4017 

MM4619 

CD4019 

MM4620 

CD4020 

MM4621 

CD4021 

MM4622 

CD4022 

MM4623 

CD4023 

MM4624 

CD4024 

MM4625 

CD4025 

MM4627 

CD4027 

MM4630 

CD4030 

MM4635 

CD4035 

MM4649 

CD4049 

MM4650 

CD4050 

MM4676 

CD4076 

MM40106 

CD40106 

MM40192 

CD40192 

MM40193 

CD40193 

Ragen 

RCA 

Similar 

Type 

Type 

MS504 

CD4051 

MS612 

CD4006 
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SGS 

Type 

HBF4001 

HBF4002 

HBF4007 

HBF4008 

HBF4009 

HBF4010 

HBF4011 

HBF4012 

HBF4013 

HBF4014 

HBF4016 

HBF4017 

HBF4020 

HBF4021 

HBF4022 

HBF4023 

HBF4024 

HBF4025 

HFB4027 

HBF4028 

HBF4029 

HBF4035 


Signetics 

Type 

N4000 

N4001 

N4002 

N4006 

N4007 

N4009 

N4010 

N4011 

N4012 

N4013 

N4015 

N4016 

N4019 

N4021 

N4023 

N4025 

N4027 

N4030 

N4049 

N4050 

N4066 

N4068 

N4069 

N4071 

N4072 

N4073 

N4075 

N4078 

N4081 

N4528 

Solid State 

Scientific 

Type 

SCL4000 

SCL4001 

SCL4002 

SCL4006 

SCL4007 

SCL4008 

SCL4009 

SCL4010 

SCL4011 

SCL4012 

SCL4013 

SCL4014 

SCL4015 

SCL4016 

SCL4017 

SCL4018 

SCL4019 

SCL4020 


RCA 

Similar 

Type 

CD4001 

CD4002 

CD4007 

CD4008 

CD4009 

CD4010 

CD4011 

CD4012 

CD4013 

CD4014 

CD4016 

CD4066 

CD4017 

CD4020 

CD4021 

CD4022 

CD4023 

CD4024 

CD4025 

CD4027 

CD4028 

CD4029 

CD4035 

RCA 

Similar 

Type 

CD4000 

CD4001 

CD4002 

CD4006 

CD4007 

CD4009 

CD4010 

CD4011 

CD4012 

CD4013 

CD4015 

CD4016 

CD4019 

CD4021 

CD4023 

CD4025 

CD4027 

CD4030 

CD4070 

CD4049 

CD4050 

CD4066 

CD4068 

CD4069 

CD4071 

CD4072 

CD4073 

CD4075 

CD4078 

CD4081 

CD4098 

RCA 

Similar 

Type 

CD4000 
CD4001 
CD4002 
CD4006 
CD4007 
CD4008 
CD4009 
CD4010 
CD401 1 
CD4012 
CD4013 
CD4014 
CD4015 
CD4016 
CD4066 
CD4017 
CD4018 
CD4019 
CD4020 


Solid State 

RCA 

Stewart 

RCA 


RCA 


COS/MOS 

Scientific 

Similar 

Warner 

Similar 

Teledyne 

Similar 

t 2 l 

Functionally 

Type 

Type 

Type 

Type 

Type 

Type 

Type No. 

Equivalent 

SCL4021 

CD4021 

SW4049 

CD4049 

MM74C10 

CD4023 


Type No. 

SCL4022 

CD4022 

SW4050 

CD4050 

MM74C20 

CD4012 

7428 

CD4001 

SCL4023 

CD4023 



MM74C42 

CD4028 

7430 

CD4068 

SCL4024 

CD4024 


nLM 

Similar 

MM74C74 

CD4013 

7432 

CD4071 

SCL4025 

CD4025 



MM74C76 

CD4027 

7437 

CD401 1 

SCL4026 

CD4026 

Type 

Type 

MM74C173 

CD4076 

7440 

CD4012 

SCL4027 

CD4027 

CM4000 

CD4000 

MM74C192 

CD40192 

7442 

CD4028 

SCL4028 

CD4028 

CM4001 

CD4001 

MM74C193 

CD40193 

7445 

CD4028 

SCL4029 

CD4029 

CM4002 

CD4002 



7446 

CD4511, CD4055 

SCL4030 

CD4030 

CM4006 

CD4006 

TflX3S 

KCA 

7447 

CD451 1 , CD4055 

SCL4030 

CD4070 

CM4007 

CD4007 

Instruments 

Si m ilar 

7448 

CD4511, CD4055 

SCL4033 

CD4033 

CM4008 

CD4008 

Type 

Type 

7449 

CD451 1 , CD4055 

SCL4034 

CD4034 

CM4009 

CD4009 

TP4000 

CD400 

7450 

CD4085 

SCL4035 

CD4035 

CM4010 

CD4010 

TP4001 

CD4001 

7453 

CD4086 

SCL4040 

CD4040 

CM4011 

CD4011 

TP4002 

CD4002 

7454 

CD4086 

SCL4041 

CD4041 

CM4012 

CD4012 

TP4007 

CD4007 

7470 

CD4096 

SCL4042 

CD4042 

CM4013 

CD4013 

TP4008 

CD4008 

7472 

CD4095 

SCL4043 

CD4043 

CM4014 

CD4014 

TP4009 

CD4009 

7473 

CD4027 

SCL4044 

CD4044 

CM4015 

CD4015 

TP4010 

CD4010 

7474 

CD4013 

SCL4045 

CD4045 

CM4016 

CD4016 

TP4011 

CD4011 

7475 

CD4042 

SCL4046 

CD4046 


CD4066 

TP4012 

CD4012 

7476 

CD4027 

SCL4049 

CD4049 

CM4017 

CD4017 

TP4013 

CD4013 

7477 

CD4042 

SCL4050 

CD4050 

CM4018 

CD4018 

TP4014 

CD4014 

7478 

CD4027 

SCL4051 

CD4051 

CM4019 

CD4019 

TP4015 

CD4015 

7483 

CD4008 

SCL4052 

CD4052 

CM4020 

CD4020 

TP4016 

CD4016 

7485 

CD4063 

SCL4053 

CD4053 

CM4021 

CD4021 


CD4066 

7486 

CD4030, CD4070 

SCL4060 

CD4060 

CM4022 

CD4022 

TP4017 

CD4017 

7490 

CD4518 

SCL4066 

CD4066 

CM4023 

CD4023 

TP4018 

CD4018 

7491 

CD4015, CD4094 

SCL4069 

CD4069 

CM4Q24 

CD4024 

TP4019 

CD4019 

7493 

CD4520 

SCL4070 

CD4070 

CM4025 

CD4025 

TP4020 

CD4020 

7494 

CD4035 

SCL4071 

CD4071 

CM4026 

CD4026 

TP4021 

CD4021 

7495 

CD40104, CD4019 

j SCL4072 

CD4072 

CM4027 

CD4027 

TP4022 

CD4022 

7499 

CD40104, CD4019 

SCL4073 

CD4073 

CM4028 

CD4028 

TP4023 

CD4023 

7690 

CD4017 

SCL4075 

CD4075 

CM4029 

CD4029 

TP4024 

CD4024 

74100 

CD4034 

SCL4076 

CD4076 

CM4030 

CD4030 

TP4025 

CD4025 

74104 

CD4095 

SCL4081 

CD4081 


CD4070 

TP4027 

CD4027 

74105 

CD4095 

! SCL4082 

CD4082 

CM4032 

CD4032 

TP4028 

CD4028 

74107 

CD4027 

! SCL4302 

CD4085 

CM4033 

CD4033 

TP4029 

CD4029 

74110 

CD4095 

SCL4302 

CD4086 

CM4034 

CD4034 

TP4035 

CD4035 

74111 

CD4027 

j SCL4402 

CD4048 

CM4035 

CD4035 

TP4040 

CD4040 

7414 

CD40106 

! SCL4412 

CD4068 

CM4036 

CD4036 

TP4042 

CD4042 

74121 

CD4047, CD4098 

! SCL4445 

CD4045 

CM4037 

CD4037 

TP4043 

CD4043 

74122 

CD4047, CD4098 

SCL4449 

CD4069 

CM4038 

CD4038 

TP4044 

CD4044 

74123 

CD4098 

SCL4502 

CD4502 

CM4039 

CD4039 

TP4049 

CD4049 

74125 

CD4502 

| SCL4510 

CD4510 

CM4040 

CD4040 

TP4050 

CD4050 

74126 

CD4502 

' SCL4511 

CD4511 

CM4041 

CD4041 

TP4051 

CD4051 

74132 

CD4093 

SCL4514 

CD4514 

CM4042 

CD4042 

TP4052 

CD4052 

74136 

CD4030, CD4070 

SCL46lb 

UD4bib 

CM4043 

(JU4G43 

I F40b^ 

CD4053 

74141 

CD4028 

SCL4516 

CD4516 

CM4044 

CD4044 

TP4071 

CD4071 

74145 

CD4028 

SCL4518 

CD4518 

CM4045 

CD4045 

TP4072 

CD4072 

74148 

CD4532 

SCL4520 

CD4520 

CM4047 

CD4047 

TP4073 

CD4073 

74150 

CD4067 

SCL4528 

CD4098 

CM4048 

CD4048 

TP4075 

CD4075 

74151 

CD4051 , CD4097 

SCL4585 

CD4063 

CM4049 

CD4049 

TP4076 

CD4076 

74152 

CD4051 , CD4097 

SCL5520 

CD4061 

CM4050 

CD4050 

TP4077 

CD4077 

74153 

CD4052 

SCL4527 

CD4527 

CM4051 

CD4051 

TP4081 

CD4081 

74154 

CD4514, CD4515 

SCL4555 

CD4555 

CM4052 

CD4052 

TP4082 

CD4082 

74155 

CD4555, CD4556 

SCL4556 

CD4556 

CM4053 

CD4053 

TP4085 

CD4085 

74156 

CD4555, CD4556 



CM4066 

CD4066 

TP4305 

CD4093 

74157 

CD4019 

Stewart 

RCA 

CM4068 

CD4068 

TP4315 

CD4069 

74164 

CD4015 

Warner 

Similar 

CM4069 

CD4069 

TP4320 

CD4067 

74165 

CD4021 

Type 

Type 

CM4070 

CD4070 

TP4507 

CD4030 

74166 

CD4014 



CM4071 

CD4071 


CD4070 

74167 

CD4527 

SW4001 

CD4001 

CM4073 

CD4073 

TP4518 

CD4518 

74173 

CD4076 

SW4002 

CD4002 

CM4075 

CD4075 

TP4520 

CD4520 

74178 

CD4035 

SW401 1 

CD401 1 

CM4076 

CD4076 



74179 

CD4035 

SW4012 

CD4012 

CM4077 

CD4077 


COS/MOS 

74180 

CD40101 

SW4013 

CD4013 

CM4078 

CD4078 

J2 

Functionally 

74181 

CD40181 

SW4015 

CD4015 

CM4081 

CD4081 

T l 

Equivalent 

74182 

CD40182 

SW4016 

CD4016 

CM4508 

CD4508 

Type No. 

Type No. 

74190 

CD4510 


CD4066 

CM4510 

CD4510 

7400 

CD401 1 

74191 

CD4516 

SW4017 

CD4017 

CM4511 

CD4511 

7401 

CD40107 

74192 

CD40192 

SW4019 

CD4019 

CM4514 

CD4514 

7402 

CD4001 

74193 

CD40193 

SW4020 

CD4020 

CM4515 

CD4515 

7404 

CD4009, CD4049 

74194 

CD40104, CD4019 

SW4021 

CD4021 

CM4518 

CD4518 

7404 

CD4069 

74195 

CD4035, CD40195 

SW4023 

CD4023 

CM4520 

CD4520 

7406 

CD4009, CD4049 

74198 

CD4034 

SW4024 

CD4024 



7407 

CD4010, CD4050 

74200 

CD4061 

SW4025 

CD4025 


RCA 

7408 

CD4081 

74221 

CD4098 

SW4027 

CD4027 

Teledyne 

Similar 

7410 

CD4023 

74251 

CD4051, CD4097 

SW4028 

CD4028 

Type 

Type 

7411 

CD4073 

74279 

CD4044 

SW4029 

CD4029 

MM74C00 

CD4011 

7420 

CD4012 

74283 

CD4008 

SW4030 

CD4030 

MM74C02 

CD4001 

7425 

CD4002 

74290 

CD4518 


CD4070 

MM74C04 

CD4069 

7427 

CD4025 

74293 

CD4520 
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COS/MOS DIGITAL integrated circuits 


General Considerations 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE- TEMPERATURE RANGE (T stg ) -65to+150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V D D> 

(Voltages referenced to V§S Terminal): 

STANDARD"A"-SERIES TYPES -0.5 to +15 V 

HIGH-VOLTAGE "B"-SERIES TYPES -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T a =-40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T A =+60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 12mW/°Cto200 mW 

FOR T A =-55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a =+100 to +1 25° C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A =FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0 * 5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/1 6± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265° C 


General Considerations 

Ratings and Characteristics 

RCA COS/MOS digital integrated circuits are 
specified in one of two voltage-supply ranges: 
standard ("A"-series) types operate from 3 to 
15 volts, and high-voltage ("B"-series) types 
from 3 to 20 volts. The maximum ratings for 
the devices depend on both the series and the 
package type, as shown at the right. 

COS/MOS circuits are available in a wide variety 
of packages: dual-in-line white ceramic (D suf- 
fix), dual-in-line frit-seal ceramic (F suffix), 
dual-in-line plastic (E suffix), and ceramic flat 
pack (K suffix). Both standard and high-voltage 
types in dual-in-line packages are also available 
with special screening and testing, as shown 
below: 

• Stabilization bake 

• Temperature cycling 

• 1 68-hour, 1 25° C, 1 2-V bias burn-in 

• 0.25% dc parameter AQL 

• 0.15% functional AQL 

These "extra-value" types are identified by an 
additional suffix "X" following the standard 
package suffix notation. 

Standard A-Serie$ Characteristics 

CD4000A-series types have a maximum dc 
supply-voltage rating of -0.5 to 15 volts, and a 
recommended operating supply-voltage range 


of 3 to 12 volts. The major features of this 
series are as follows: 

• Quiescent current specified to 1 5 volts 

• 5-volt and 10-volt parametric ratings 

• Maximum input leakage of 1 iiA at 15 
volts over the full package operating-temper- 
ature range 

• 1-volt noise margin (full package tempera- 
ture range) 

Static Electrical Characteristics. Table I shows 
the standardized dc electrical characteristics 


for A-series types. The data sheet for each of 
these types contains the family characteristics 
shown in Table I plus additional dc character- 
istics that are type-dependent. 

Dynamic Electrical Characteristics. A-series dy- 
namic electrical characteristics are specified for 
individual types under the following conditions: 
Vqd = 5 V and 10 V; T A = 25° C (tempera- 
ture coefficient is typically 0.3%/ C); Cl = 
1 5 pF; t r and tf of inputs = 20 ns. 


TABLE I — A-Series Static Electrical Characteristics (Full Package Temperature Range) 




CONDITIONS 






SYMBOL 

PARAMETER 

V|N 

Vq (volts) 

Vdd 

LIMITS 





VOLTS 

MIN. 

MAX. 

VOLTS 

MIN. 

TYP. 

MAX. 

UNITS 

VOL 

Output Low 

5 

— 

— 

5 

— 

0 

0.05 

V 


Voltage 

10 

- 

- 

10 

- 

0 

0.05 

V 

VOH 

Output High 

0 

- 

- 

5 

4.95 

5 

- 

V 


Voltage 

0 

- 

- 

10 

9.95 

10 

- 

V 

VNL 

Noise Voltage 

- 

3.6 

— 

5 

1.5 

2.25 

— 

V 

(SSI Types) 

(Input Low) 

~ 

7.2 

- 

10 

3 

4.5 

- 

V 

VNH 

Noise Voltage 

— 

- 

1.4 

5 

1.5 

2.25 

- 

V 

(SSI Types) 

(Input High) 

- 

- 

2.8 

10 

3 

4.5 

- 

V 

VNL 

Noise Voltage 

- 

4.2 

- 

5 

1.5 

2.25 

- 

V 

(MSI Types) 

(Input Low) 

- 

9.0 

- 

10 

3 

4.5 

- 

V 

VNH 

Noise Voltage 

- 

- 

0.8 

5 

1.5 

2.25 

- 

V 

(MSI Types) 

(Input High) 

- 

- 

1.0 

10 

3 

4.5 

- 

V 

VNML 

Noise Margin 

- 

4.5 

- 

5 

1 

- 

- 

V 


(Input Low) 

- 

9.0 

- 

10 

1 

- 

- 

V 

V|\IMH 

Noise Margin 

- 

- 

0.5 

5 

1 

- 

— 

V 


(Input High) 

- 

- 

1.0 

10 

1 

- 

- 

V 

l|L. '|H 

Input Leakage 

Low 

__ 

__ 

— 

15 

— 

±10-5 

±1 

M a 

'L 

Quiescent Device 
Leakage 

- 

- 

- 

5,10,15 

See Data Sheets 

MA 

'dim. 'dp 

Output Source and 
Sink current 

— 



5,10 

See Data Sheets 

ma 


Note: Logic Level Inversion Assumed in Table I 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


General Considerations (cont’d) 


High-Voltage B-Series Characteristics 

CD4000B -series types have a maximum dc 
supply-voltage rating of -0.5 to 20 volts, and a 
recommended operating supply -voltage range 
of 3 to 18 volts. The major features of this 
series are as follows: 

• Quiescent current specified to 20 volts 

• 5-, 10-, and 15-volt parametric ratings 

• Standardized symmetrical output character- 
istics 

• Maximum input leakage of 1 juA to 20 volts 
over the full package operating-temperature 
range 

• 1-volt noise margin (full package tempera- 
ture range) 

Static Electrical Characteristics. Tables II, III, 
and IV show the standardized dc electrical 
characteristics for B-series types. The data sheet 
for each of these types contains all the family 
characteristics shown in these tables, plus addi- 
tional dc characteristics that are type-dependent. 

CD4000B -series types are classified as SSI and 
MSI functions as shown at the right. 


SSI Types 


CD4000B 

CD4071B 

CD4001B 

CD4072B 

CD4002B 

CD4073B 

CD4009B 

CD4075B 

CD4010B 

CD4077B 

CD4011B 

CD4078B 

CD4012B 

CD4081 B 

CD4016B 

CD4082B 

CD4023B 

CD4085B 

CD4025B 

CD4086B 

CD4041B 

CD4093B 

CD4049B 

CD4502B 

CD4050B 

CD40107B 

CD4068B 


CD4069B 


CD4070B 



SSI noise-immunity specifications shown in 
Table II apply to inverters and buffered gates. 
Non-buffered gates have a noise immunity of 
±0.2 Vdd inputs), as specified on the 
individual data sheets for these types. 

Tables III and IV show that B-series quiescent 
device current and output sink and source 


CD4008B 

MSI Types 

CD4094B 

CD4555B 

CD4013B 

CD4095B 

CD4556B 

CD4027B 

CD4096B 

CD40100B 

CD4042B 

CD4097B 

CD40101 B 

CD4043B 

CD4098B 

CD40102B 

CD4044B 

CD4099B 

CD40103B 

CD4051B 

CD4508B 

CD40104B 

CD4052B 

CD4510B 

CD40105B 

CD4053B 

CD4511B 

CD40108B 

CD4054B 

CD4514B 

CD40109B 

CD4055B 

CD4515B 

CD40181 B 

CD4056B 

CD4516B 

CD40182B 

CD4063B 

CD4518B 

CD40192B 

CD4067B 

CD4520B 

CD40193B 

CD4076B 

CD4527B 

CD40194B 

CD4089B 

CD4532B 

CD40257B 

current at 25° 

C are the same for all package 


styles. Figs. 1 through 4 show the standardized 
output n-channel and p-channel drain character- 
istics for B-series types, and Figs. 5 through 8 
show the normalized variation of output source 
and sink currents with respect to temperature 
and voltage. 


TABLE II - B-Series Static Electrical Characteristics (Full Package Temperature Range) 


SYMBOL 

PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

V|N 

Vo (volts) 

v D d 

VOLTS 

MIN. 

MAX. 

VOLTS 

MIN. 

TYP. 

MAX. 

VOL 

Output Low 

5 

- 

- 

5 

- 

0 

0.05 

V 


Voltage 

10 

- 

- 

10 

- 

0 

0.05 

V 



15 

- 

- 

15 

- 

0 

0.05 

V 

VOH 

Output High 

0 

- 

- 

5 

4.95 

5 

- 

V 


Voltage 

0 

- 

- 

10 

9.95 

10 

— 

V 



0 

- 

- 

15 

14.95 

15 

- 

V 

VNL 

Noise Voltage 

- 

3.6 

- 

5 

1.5 

2.25 

- 

V 

(SSI Types) 

(Input Low) 

- 

7.2 

- 

10 

3 

4.5 

- 

V 



- 

10.8 

- 

15 

4.5 

6.75 

- 

V 

VNH 

Noise Voltage 

- 

- 

1.4 

5 

1.5 

2.25 

- 

V 

(SSI Types) 

(input High) 

- 

- 

2.8 

10 

3 

4.5 

- 

V 



- 

- 

4.2 

15 

4.5 

6.75 

- 

V 

VNL 

Noise Voltage 

— 

4.2 

- 

5 

1.5 

2.25 

- 

V . 

(MSI Types) 

(Input Low) 

- 

9.0 

- 

10 

3 

4.5 

- 

V 



- 

13.5 

- 

15 

4.5 

6.75 

- 

V 

VNH 

Noise Voltage 

- 

- 

0.8 

5 

1.5 

2.25 

- 

V 

(MSI Types) 

(Input High) 

- 

- 

1.0 

10 

3 

4.5 

- 

V 



- 

- 

1.5 

15 

4.5 

6.75 

- 

V 

VNML 

Noise Margin 

- 

4.5 

- 

5 

1 

- 

- 

V 


(Input Low) 

- 

9.0 

- 

10 

1 

- 

— 

V 



- 

13.5 

- 

15 

1 

- 

- 

V 

Vnmh 

Noise Margin 

- 

- 

0.5 

5 

1 

- 

- 

V 


(Input High) 

- 

- 

1.0 

10 

1 

- 

— 

V 



- 

- 

1.5 

15 

1 

- 

— 

V 

■|L. 1 IH 

Input Leakage 

- 


- 

20 

- 

±10-5 

±1 

mA 


Low 









•OL. 'OH 

3-State 

- 

Force 20 V/0 V 

20 

- 

HO- 4 

±2 

juA 


Output Lkg 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


General Considerations (cont’d) 

TABLE III — B-Series Standard Quiescent Device Current 



SSI TYPES 


* -40° C/ 
V °D a -55° C 
OLTS MAX. 


ALL PACKAGES 

+25° C 

* +85° C 

a+i25°C 

TYP. 

MAX. 

MAX. 

MAX. 

0.01 

0.5 

5 

10 

0.01 

1 

10 


0.01 

2 

20 

40 

0.02 

10 

100 

200 


* -40° C / 


+25° C 


MAX. 


5 


MSI TYPES 


ALL PACKAGES 

* +85° C a +125° C 


MIN. 


MAX. UNITS 


100 



a Applies only to D, F, K, H, and T packages 
* Applies to E and Y packages 


TABLE IV — B-Series Standard Output Drive Current 


TEST CONDITIONS 


LIMITS - ALL PACKAGES 


PARAMETER 


N-Channel 
(Sink, I DN) 


P-Channel 
(Source, Ipp) 


Vo 

VOLTS 


v D d 

VOLTS 


a -55° C 


* -40° C 





























































COS/MOS DIGITAL INTEGRATED CIRCUITS 


General Considerations (cont’d) 
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Fig. 7 — Variation of normalized sink current 
(IqN) with supply voltage. 


Fig. 10 — Variation of low-to -high transition 
time (tjLH) wltfl temperature. 



Fig. 8 — Variation of normalized source current Fig. 11 — Variation of high-to-low propagation 
(IqP) with supply voltage. delay time (tp^j_) with temperature. 


Dynamic Electrical Characteristics. B-series dy- 
namic electrical characteristics are specified for 
individual types under the following conditions: 
Vqd = 5 V, 10 V, and 15 V; T A = 25° C; 
Cl = 50 pF; Rl ~ 200 k£2; t r and tf - 20 ns. 
Figs. 9 through 12 show the variation of B-series 
dynamic parameters with temperature. Figs. 
13 and 14 show the variation of output transi- 
tion time with supply voltage. Fig. 15 shows 
the variation of the standardized output transi- 
tion time with load capacitance. 

Dynamic (AC) Switching Parameters 

Table V defines the major COS/MOS ac charac- 
teristics, with reference to the waveforms shown 
in Figs. 16 through 19. Test conditions of Vdd, 
load capacitance (Cl), and input conditions 



92CS-25II3RI 


Fig. 9 — Variation of high-to-low transition 
time (tjnU w,t h temperature. 



92CS-2SII7RI 


Fig. 12 — Variation of low-to-high propagation 
delay time (tpj_ y) with temperature . 



Fig. 13— Variation of low-to-high transition 
time (tT[_tf) with supply voltage. 



92CS-25I07RI 


Fig. 14 — Variation of high-to-low transition 
time (tJHL) Wlth supply voltage. 
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92CS- 24322 

Fig. 15 — Variation of transition time (tjf~n_ r 
t TLH ) with load capacitance at three 
levels of supply voltage. 


are given for individual types in the published 
data. 

Test Circuits 

Figs. 20 through 24 show standard test circuits 
used to measure noise immunity, quiescent 
device current, input leakage current, 3-state 
device output leakage, and output current of 
COS/MOS devices. 

Design and Operating Considerations 

Operating Supply-Voltage Range. Because logic 
systems occasionally experience transient con- 
ditions on the power-supply line which, when 
added to the nominal power-bus voltage, could 
exceed the safe limits of circuits connected to 
the power bus, the recommended operating 
supply-voltage ranges are 3 to 12 volts for 
A-series devices and 3 to 18 volts for B-series 
devices. The recommended maximum power- 
supply limit is substantially below the minimum 
primary breakdown limit for the devices to 
allow for limited power-supply transient and 
regulation limits. For circuits that operate in a 
linear mode over a portion of the voltage 
range, such as RC or crystal oscillators, a mini- 
mum supply voltage of at least 4 volts is rec- 
ommended. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


General Considerations (cont’d) 

TABLE V — Dynamic (AC) Switching Parameters 


CHARACTERISTICS 

SYMBOL 

LIMITS 

WAVEFORMS 



MAX. 

MIN. 


Propagation Delay: 





Outputs going High to Low 

TPHL 

X 


Figs. 16, 17, 18 

Outputs going Low to High 

TpLH 

X 



Output Transition Time: 





Outputs going High to Low 

tthl 

X 


Figs. 16, 17, 18 

Outputs going Low to High 

ttlh 

X 



Min. Pulse Width — Set, Reset, Preset, 





Enable, Disable 

t W 

X 


Figs. 17, 18 

Strobe, Clock 





Max. Clock Input Frequency 

f CL 


X 

Figs. 17. 18 (1/2t w ) 

Clock Input Rise and Fall Time 

*rCL- tfCL 

X 


Figs. 17, 18 

Min. Set-Up Time or Min. Reset 

Removal Time 

*S 

X 


Figs. 17, 18 

Min. Hold Time 

tH 

X 


Figs. 17, 18 

Three-State Disable Delay Times: 





Output 1 to High Impedance 

tpHZ 

X 



High Impedance to Output 1 

tpZH 

X 



Output 0 to High Impedance 

*PLZ 

X 



High Impedance to Output 0 

tPZL 

X 


Fig. 19 

Average Input Capacitance (Typ) (1) 

C| 



- 

Output Capacitance (Typ) (2) 

Co 



1 


(1 ) 5 pF typical — incremented by 5-pF increments. 

(2) Specified as typical value for all High-Impedance-Output 3-state devices; 
specified in increments of 5 pF. 




Fig. 18 — Setup times, hold times , and propaga- 
tion delay times for negative-edge- 
triggered sequential logic circuits. 


OTHER 

INPUTS 


OUTPUT 

DISABLE 1 " 


IC WITH 

3 STATE 


OUTPUT Rl'IKA j’vQQ for tp L z and tpz L 
V$S f or fpHZ and *PZH 

92CS- 27795 


Fig. 19 — Three-state propagation delay wave- 
shapes and circuit. 



v oo 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 AND V SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VqD V SS‘ 





CLOCK PULSE RISE AND FALL TIMES 

.t r CL ^ ^tjCL VD0 

=\ — st>% ^ 


•j —j 

B 


- »WL“ 


- fir - - 10% 

-*WH - 


92CS -20070 

Fig. 16 — Transition times and propagation de- 
lay times for combinational logic 
circuits. 



Fig. 17 — Setup times, hold times, and propaga- 
tion delay times for positive-edge- 
triggered sequential logic circuits. 



Fig. 20 — Noise immunity test circuit. 




92CS - 27402 



92CS-27792 


Fig. 21 — Quiescent device 
current test 
circuit. 


Fig. 22 — Input leakage current 
test circuit. 


Fig. 23 — Three-state device output leakage test 
circuit. 


Fig. 24 — Output current 
test circuit. 
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COS/MOS DIGITAL integrated circuits 


General Considerations (cont’d) 


Power Dissipation and Derating. All COS/MOS 
devices are rated at 200 mW per package at the 
maximum operating ambient temperature rat- 
ing <T A ) for the package type (85° C for E, Y 
suffixes and 125° C for D, F, K suffixes). 
Power ratings for temperatures below the maxi- 
mum operating temperature are shown in the 
standard COS/MOS thermal derating chart in 
Fig. 25. This chart assumes that (a) the device 
is mounted and soldered (or placed in a 
socket) on a PC board; (b) there is natural 
convection cooling, with the PC board mounted 
horizontally; and (c) the pressure is standard 
(14.7 PSIA). In addition to the over-all package 
dissipation rating, device dissipation per output 
transistor is limited 100 mW maximum over the 
full package operating-temperature range. 



Fig. 25 — Standard COS/MOS thermal derating 
chart . 


System Noise Considerations. In general, COS/ 
MOS devices are much less sensitive to noise on 
power and ground lines than bipolar logic 
families (such as TTL or DTL). However, this 
sensitivity varies as a function of the power- 
supply voltage, and more importantly as a 
function of synchronism between noise spikes 
and input transitions. Good power distribution 
in digital systems requires that the power bus 
have a low dynamic impedance; for this pur- 
pose, discrete decoupling capacitors should be 
distributed across the power bus. 

Power-Source Rules. Fig. 26 shows the basic 
COS/MOS inverter and its gate-oxide protection 
network plus inherent diodes. The safe operat- 
ing procedures listed below can be understood 
by reference to this inverter: 

1. When separate power supplies are used for 
the COS/MOS device and for the device 
inputs, the device power supply should 
always be turned on before the independent 
input signal sources, and the input signals 
should be turned off before the power 
supply is turned off (V$s < V| < Vqq as a 
maximum limit). This rule will prevent over- 
dissipation and possible damage to the D2 
input-protection diode when the device 
power supply is grounded. When the device 
power supply is an open circuit, violation 
of this rule can result in undesired circuit 
operation although device damage should 
not result; ac inputs can be rectified by 
diode D2 to act as a power supply. 

2. The power-supply operating voltage should 
by kept safely below the absolute maximum 
supply rating, as indicated previously. 



Fig. 26 — Basic COS/MOS inverter. 

3. The power-supply polarity for COS/MOS 

circuits should not be reversed. The positive 
(Vqd) terminal should never be more than 

0.5 volt negative with respect to the negative 
(V $s ) terminal (Vqq — V gg — 0.5 V). Re- 

versal of polarities will forward-bias and short 
the structural and protection diode between 
Vqq and V ss . 

4. V|)D should be equal to or greater than 
Vcc for COS/MOS buffers which have two 
power supplies (in particular, for CD4009 
and CD4010 COS/MOS-to-TTL "down "-con- 
version devices). 

5. Power-source current capability should be 
limited to as low a value as reasonable to 
assure good logic operation. 

6. Large values of resistors in series with Vqq 
or V$s should be avoided; transient turn-on 
of input protection diodes can result from 
drops across such resistors during switching. 

Gate-Oxide Protection Networks. A problem 
occasionally encountered in handling and test- 
ing low-power semiconductor devices, including 
MOS and small-geometry bipolar devices, has 
been damage to gate oxide and/or p-n junctions. 
Fig. 27 shows the gate-oxide protection circuits 
used to protect COS/MOS devices from static 
electricity damage. I CAN-621 8 gives further 
information on protection circuits. Although 
these circuits are included in all COS/MOS 
devices, the handling precautions in I CAN-621 8 
and I CAN-6000 should be observed. 

Input Signals and Ratings 

1. Input signals should be maintained within 
the power-supply voltage range, V$s < V| < 
Vqq. In applications such as astable and 
monostable multivibrators, input current 
can flow and should be limited to the 
microampere level by use of a resistor in 
series with the input terminal affected. 

2. All COS/MOS inputs should be terminated. 
When COS/MOS inputs are wired to edge 
card connectors with COS/MOS drive com- 
ing from another PC board, a shunt resistor 
should be connected to Vqd or V$s in case 
the inputs become unterminated with the 
power supply on. 

3. When COS/MOS circuits are driven by TTL 
logic, a "pull-up" resistor should be con- 
nected from the COS/MOS input to 5 volts 
(further information is given in I CAN-6602). 



di • 25 v 
D2 » 50 V 

R w 200 TO 2000 & 


92CS- 22887RI 

(a) 



92CS-22888RI 

(c) 


GATE 2 



92CS- 22883 

id) 

V DD 



(e) 

Fig. 27 — Protection circuits used in COS/MOS 
devices: (a) normal gate-input protec- 
tion; (b) improved gate-input protec- 
tion; (c) CD4049 and CD4050 gate- 
input protection; (d) transmission- 
gate input-output protection; ( e ) 
active (inverter) output protection. 


4. Input signals should be maintained within 
the recommended input-signal-swing range. 


Output Rules 

1 . The power dissipation in a COS/MOS pack- 
age should not exceed the rated value for 
the ambient temperature specified. The ac- 
tual dissipation should be calculated when 

(a) shorting outputs directly to Vqq or V§ s# 

(b) driving low-impedance loads, or (c) 
directly driving the base of a p-n-p or n-p-n 
bipolar transistor. 

2. Output short circuits often result from 
testing errors or improper board assembly. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


General Considerations (cont’d) 


Shorts on buffer outputs or across power 
supplies greater than 5 volts can damage 
COS/MOS devices. 

3. COS/MOS, like active pull-up TTL, cannot 
be connected in the "wire-OR" configuration 
because an "on" PMOS and an "on" NMOS 
transistor could be directly shorted across 
the power-supply rails. 

4. Paralleling inputs and outputs of gates is 
recommended only when the gates are within 
the same 1C package. 

5. Output loads should return to a voltage 
within the supply-voltage range (Vqd to 

Vss>- 

6. Large capacitive loads (greater than 5000 pF) 
on COS/MOS buffers or high-current drivers 
act like short circuits and may over-dissipate 
output transistors. 

7. Output transistors may be over-dissipated 
by operating buffers as linear amplifiers or 
using these types as one-shot or astable mul- 
tivibrators. 

Noise Immunity. The complementary structure 
of the inverter, common to all COS/MOS logic 
devices, results in a near-ideal input-output 
transfer characteristic, with switching point 
midway (45% to 55%) between the 0 and 1 
output logic levels. The result is high dc noise 
immunity. 

Fig. 28 illustrates minimum and maximum 
transfer characteristics useful for defining noise 
immunity and an inverter and a non-inverter. 
The noise-immunity voltage (V|\jl, v NH) is 
that noise voltage at any one input which will 
not propagate through the system. Minimum 
noise immunity is 30% of the supply voltage 
(20% for some un-buffered gate and inverter 
types). 

Noise immunity increases as the input noise 
pulse width becomes less than the propagation 
delay of the circuit. This condition is often 



(a) 



(b) 

92CS-25I03 

Fig. 28 — Minimum and maximum transfer 

characteristics for (a) inverting logic 
function , and (b) non-inverting logic 
function. 

described as ac noise immunity. (Further infor- 
mation on noise immunity is given in ICAN- 
6176). 

Clock Rise- and Fall-Time Requirements. Most 
COS/MOS clocked devices have maximum rise- 
and fall-time ratings (normally 5 to 15 micro- 
seconds). With longer rise or fall times, a de- 


vice may not function properly because of data 
ripple-through, false triggering problems, etc. 
Long rise and fall times on COS/MOS buffer- 
type inputs cause increased power dissipation 
which may exceed device capability for power 
supplies above 5 volts. 

Parallel Clocking. Process variations leading to 
differences in input threshold voltage among 
random device samples can cause loss of data 
between certain synchronously clocked sequen- 
tial circuits, as shown in Fig. 29. This problem 
can be avoided if the clock rise time (t r CL) is 
made less than the total of the fixed propaga- 
tion delay plus the output transition time of 
the first stage, as determined from the device 
data for the specific loading condition in effect. 


CASCADING WITH SLOW CLOCK 
CAN CAUSE ERROR 



D 0, 

“H 

D Q 2 




n 



CL. 



Fig. 29 — Error effect that results from a slow 
dock in cascaded circuits. 

Schmitt trigger circuits such as the CD4093B 
are an ideal solution to applications requiring 
wave-shaping. 

Three-State Logic. Three-state logic can be 
easily implemented by use of a transmission 
gate in the output circuit; this technique pro- 
vides a solution to the wire-OR problem in 
many cases. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4000A, CD4001A, CD4002A, CD4025A Types 


COS/MOS NOR Gates 

Dual 3 Input 
plus Inverter -CD4000A 
Quad 2 Input— CD4001 A 
Dual 4 Input— CD4002A 
Triple 3 lnput-CD4025A 

The RCA-CD4000A, CD4001A, CD40Q2A, 
and CD4Q25A NOR gates provide the system 
designer with direct implementation of the 
NOR function and supplement the existing 
family of COS/MOS gates. 

The CD40Q0A, CD4001A, CD4002A, and 
CD4025A types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D, F, and 
Y suffixes), 14-lead dual-in-line plastic pack- 
ages (E suffix), 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

Features: 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 (iA at 15 V 
(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 
ture range) 





92CS- 24758 

CD4002A 


CD4025A 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +1 50° C 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, K, H -55 to +1 25°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal): -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR Ta = -40 to +60° C (PACKAGE TYPES E, Y) . 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100° C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +1 25°C (PACKAGE TYPES D, F, K) . . . . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For Ta = 
Full Package-Temperature 
Range) 

3 

12 

V 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C, C L = 15 pF, Input t r , tf=20ns 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E.Y 

PACKAGES 


v D d 

(Volts) 

TYP. 

MAX. 

TYP. 

MAX. 

Propagation Delay Time: 
High-to-Low Level, 

t PHL 

■ 

5 

35 

50 

35 

80 

ns 


25 

40 


55 

Low-to-High Level, 

l PLH 


5 

35 

95 

35 

120 

ns 

10 

25 

45 

25 

65 

Transition Time: 
High-to-Low Level, 

Thl 


5 

65 

125 

65 

200 

ns 

10 

35 

70 

35 

115 

Low-to-High Level, 

l TLH 


5 

65 

175 

65 

300 

ns 

10 

35 

75 

35 

125 

Input Capacitance, C| 

Any Input 

5 

1 I 

5 

- 

pF 



INPUT VOLTAGE (V^-V 

9ZCS-I7779R2 


Fig. I — Minimum & maximum voltage transfer 
characteristics. 



Fig. 2 — Typical voltage transfer characteristics 
as a function of temperature. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4000A, CD4001A, CD4002A, CD4025A Types 



Fig. 9 — Typical propagation delay time vs. C[_. 


v oo 



Fig. 12 — Quiescent device current test circuit. 



Fig. 10 — Typical transition time vs. C[_. 


V D0 



NOTE : 

CD4000, CD4002.CD4025- 
TEST ANY ONE INPUT WITH 
OTHER INPUTS AT Vqq OR V ss - 

CD400I - TEST ANY 
COMBINATION OF INPUTS. 


Fig. 13 — Noise immunity test circuit. 



Fig. 11 — Typical dissipation characteristics. 



Fig. 14 — Input leakage current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4006A Types 


COS/MOS 18-Stage 
Static Shift Register 

The RCA-CD4006A types are comprised of 
4 separate shift register sections: two sec- 
tions of four stages and two sections of five 
stages with an output tap at the fourth 
stage. Each section has an independent 
single-rail data path. 

A common clock signal is used for all stages. 
Data are shifted to the next stage on nega- 
tive-going transitions of the clock. Through 
appropriate connections of inputs and out- 
puts, multiple register sections of 4, 5, 8, 
and 9 stages or single register sections of 10, 
12, 13, 14, 16, 17 and 18 stages can be 
implemented using one CD4006A package. 
Longer shift register sections can be assem- 
bled by using more than one CD4006A. 


Features: 

■ Fully static operation 

■ Shifting rates up to 5 MHz 

■ Permanent register storage with clock line high or 

low no information recirculation required 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 //A 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

The CD4006A-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 14-lead dual-in 
line plastic packages (E suffix), 14*lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


v oo 



FUNCTIONAL DIAGRAM 


MAXIMUM RATINGS, Absolute-Maximum Values: 


Applications: 


STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vg s Terminal) —0.5 to +15 V 


POWER DISSIPATION PER PACKAGE (Pq): 

FOR T a = -40 to +60 °C (PACKAGE TYPES E,Y) 500 mW 

FOR T a = +60 to +85 °C (PACKAGE TYPES E,Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


■ Serial shift registers 

■ Time delay circuits 

■ Frequency division 



CL CL 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E,Y 

Packages 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (ForT A = Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Data Setup Time, t$ 

5 

10 

80 

40 


100 

50 

— 

ns 

Clock Pulse Width, tyy 

5 

10 

500 

200 



830 

250 



ns 

Clock Input Frequency, fQ|_ 

5 

10 

dc 

dc 

1 

2.5 

dc 

dc 

0.6 

2 

MHz 

Clock Rise and Fall Time, t r CL, tfCL* 

5 

10 

— 

15 

5 

- 

15 

5 

ps 




OUT 

[—IF 4th OR 
5th STAGE 


TRUTH TABLE FOR SHIFT REGISTER STAGE 


D 

CL* 

0 + 1 

O 

\ 

0 

1 

\ 

1 

X 

/ 

NC 


NC«N0 CHANGE 
X * DON'T CARE 
a * LEVEL CHANGE 


92CS- 17847 


* If more than one unit is cascaded t f CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


Fig. 1 — Logic diagram and truth table 
(one register stage). 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4006A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,K,F,H Packages 

£, Y Packages 

vo 

(V) 

V |N 
(V) 

VDD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current, 1 1 _ Max. 

- 


5 

0.5 

0.01 

0.5 

30 

5 

0.03 

5 

70 

ma 

- 

- 

10 

1 

0.01 

1 

60 

10 

0.05 

10 

40 

- 

- 

15 

25 

0.5 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low-Level, 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level, 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 

_ 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High, 

vnh 

0.8 


5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 
V NML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

Vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink), 
l D N Min. 

0.5 

- 

5 

0.155 

0.25 

0.125 

0.085 

0.072 

0.25 

0.06 

0.048 

mA 

0.5 

- 

10 

0.31 

0.5 

0.25 

0.175 

0.15 

0.5 

0.125 

0.1 

p-Channel 

(Source): 

IqP M in. 

4.5 

- 

5 

-0.125 

-0.15 

-0.1 

-0.07 

-0.06 

-0.15 

-0.05 

-0.04 

9.5 

- 

10 

-0.25 

-0.3 

-0.2 

-0.14 

-0.12 

-0.3 

-0.1 

-0.08 

Input Leakage 
Current, 
hL * 'IH 

An\ 

/ Inpi 

jt 

15 

±1q— 5 Typ ±1 Max. 

MA 


V DD 



vss 


* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK. 


NOTE: ALL 'V- UNIT SUBSTRATES 
ARE CONNECTED TO V DD 
ALL "N" -UNIT SUBSTRATES 
ARE CONNECTED TO V $s 


VDO 



Fig. 4 — Schematic diagram (one register stage). 



Fig. 2 — Typical propagation delay time vs. 
load capacitance. 



Fig. 3 — Typical transition time vs. load 
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Fig. 5— Typical output n -channel drain 
characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4006A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , t f = 20 ns, 

C L =15pF, R L = 2 00k£2 




LIMITS 


CHARACTERISTIC 

TEST 

CONDITIONS 

D,F,K,H 

Packages 

E.Y 

Packages 

UNITS 



VDD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Propagation Delay Time; 


5 

- 

250 

400 

- 

250 

500 

ns 

tPLH - l PHL 


10 

— 

125 

200 

- 

125 

250 

Transition Time; 


5 

— 

250 

400 

B 

250 

500 

ns 

tTHL ■ tTLH 


10 

- 

125 

200 

- 

125 

250 

Maximum Clock Input 


5 

1 

2.5 

Ml 

QJj 

m 

19 

MHz 

Frequency, f^L 


10 

2.5 

5 

Hi 

B 

D 

i 

Minimum Clock Pulse 


5 

- 

200 

500 

- 

200 

830 


Width, t w 


10 

— 

100 

200 

— 

100 

250 

Clock Rise & Fall Time; 


5 

- 

- 

15 

- 

- 

15 


t r CL, t-fCL* 


10 

- 

- 

5 

- 

- 

5 

Minimum Data Set Up 


5 

- 

50 

80 

- 

50 

100 

ns 

Time, t$ 



■ 

25 

40 

- 

25 

50 

Average Input 


| 

5 

HI 

■ 

5 

- 

PF 

Capacitance, C| 

Clock Input 

- 

30 

- 

- 

30 

- 

PF 


If more than one unit is cascaded t f CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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Fig. 7— Typical output p-channel drain 
characteristics . 
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Fig. 8 — Minimum output p channel drain 
characteristics. 




Fig. 9 — Typical dissipation characteristics. 


Fig. 10 — Typical dock input frequency vs. 
supply voltage. 




V D0 

MD- 

Vss 


t - 

Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 AN0V SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V D Q OR V ss - 


Fig. 11 — Quiescent-device-current test circuit. 


Fig. 12 - Noise-immunity test circuit. 


92CS- 27402 

Fig. 13 — Input-leakage-current test circuit 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4007A Types 


COS/MOS 

Dual Complementary 
Pair Plus Inverter 

The RCA-CD4007A types are comprised of 
three n-channel and three p-channel enhance- 
ment-type MOS transistors. The transistor 
elements are accessible through the package 
terminals to provide a convenient means for 
constructing the various typical circuits as 
shown in Fig. 2. 


More complex functions are possible using 
multiple packages. Numbers shown in paren- 
theses indicate terminals that are connected 
together to form the various configurations 
listed. 

The CD4007-A Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D,F, and Y suffixes), 14-lead dual-in- 
line plastic packages (E suffix), 14-lead 
ceramic flat packages (K suffix), and in 
chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) 65 to +150°C 

OPERATING-TEMPERATURE RANGE (T a ) 

PACKAGE TYPES D. F, K, H -55 to +125°C 

PACKAGE TYPES E.Y 40 to +85°C 

DC SUPPLY-VOLTAGE RANGE. <V DD ) 

(Voltages referenced to Vgg Terminal) —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D > 

FOR T A = -40 to +60°C (PACKAGE TYPES E, Y) 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to + 1 25°C (PACKAGE TYPES D. F. K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS 0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (159 ± 0 79 mm) from case for 1 0 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 



LIMITS 


CHARACTERISTIC 

D,F,K,H 

Packages 

E,Y 

Packages 

UNITS 


Min. 

Max. 

Min. 

Max. 


Supply-Voltage Range (For T A = Full 
Package Temperature Range) 

3 

12 

3 

12 

V 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, C L = 15 pF, 

R l = 200 k!2 





LIMITS 


CHARACTERISTIC 

TEST CONDITIONS 

D,F,K,H 


E,Y 


UNITS 



VdD 

Packages 

Packages 




(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Propagation Delay 
Time; 

tPLH, tPHL 


5 

- 

35 

60 

- 

35 

75 

ns 


10 

- 

20 

40 

- 

20 

50 

Transition Time; 


5 

- 

50 

75 

- 

50 

100 

ns 

tTHL. tTLH 


10 

- 

30 

40 

- 

30 

50 

Average Input 
Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 


pF 



92CS- 25035 


Terminal No. 14 — Vqd 
T erminal No. 7 — Vcjg 

CD4007A 

FUNCTIONAL DIAGRAM 


Features: 

■ Medium-speed operation. . . . 

tpHL * tpLH = 20 ns (typ.) at Cl = 15 pF, 

+ v D d = io V 

■ Low “high" and "low" output impedance. . . . 

500 12 (typ.) at Vdq — = 10 V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Applications: 

■ Extremely high-input impedance amplifiers 

■ Shapers 

■ Inverters 

■ Threshold detector 

■ Linear amplifiers 



Fig. 1 — Minimum and maximum voltage-transfer 
characteristics for inverter. 



INPUT VOLTS (Vj) 


Fig. 2 — Typical current and voltage-transfer 
characteristics for inverter. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4007A Types 

STATIC ELECTRICAL CHARACTERISTICS 


Conditions 


Limits at Indicated Temperatures (°C) 


Characteristic 


Quiescent Device 
Current: 

1 1 _ Max. 

Output Voltage 
Low Level 

VQL 

High Level 

VOH 


Noise Immunity: 
Inputs Low 

VNL 


Inputs High 

VnH 


Noise Margin: 
Inputs Low 

Vnml 


Inputs High 

VNMH 


Output Drive 
Current: 
N-Channel 
(Sink) 

I qN Min. 


P-Channel 
(Source) : 

IqP Min. 


Input Leakage 
Current: 

ML, hH 


D,K,F,H Packages 


E,Y Packages 


0.5 1 V| = 
VqdI 10 


V|= 5 

Vqd 10 




( 

3 Typ.; 

0.05 Max. 




1.95 Mil 

i.; 5 Typ. 



< 

9.95 Mil 

i.; lOTyp. 




1.5 Min. 

.; 2.25 Typ. 




3 Min.;- 

1.5 Typ 





1 .5 Min, 

2.25 Typ. 




3 Min.;- 

1.5 Typ 





1 

Min. 



1 Min. 

1 Min. 

1 Min. 

0.75 

1 0.6 

0.4 

0.35 

1 0.3 

0.24 


1.2 2.5 


-1.3 


-0.75-0.65 





:::::::::::::: 


AMBIENT TEMPERATURE <T a ) » 25 *C : 

■ : : : : i : : : : 1 : : : : I : : : r 7TT I :7:TF” FIT-"— TrrT ^ 


{ ::::: A — SINGLE INPUT ONLY|_ 

:::::::::::::::::::: B-TWO INPUTS ONLY J 

: t : : 1 i : : : t: : j j 7 rffr Trrr C- THREE INPUTS 
SUPPLY VOLTS * OTHER INPUTS 

16 (V DD )*I5 4-^ ■ - • SWITCHES TO V 0[) 



tviS 


10 12.5 IS 

INPUT VOLTS IVi) 


Fig. 3- Typical voltage-transfer characteristics 
for NAND gate. 


AMBIENT TEMPERATURE ( T A ) * 25*C FFffff 
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Fig. 8 — Typical output n-channel 
drain characteristics. 
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INPUT VOLTAGE (Vjl-V 

Fig. 9 — Typical voltage-transfer characteristics 
as a function of temperature. 
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CAPACITANCE (C L ) — pF 92CS 

Fig. 10 — Typical propagation-delay time 
vs. load capacitance. 

























































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4007A Types 



Fig. 11 — Typical transition time vs. 
load capacitance. 


o — o 

o— P>°--o 


(14,2,11); (8,13); 
(1,5); (7,4,9) 


a) Triple Inverters 



Fig. 12 — Maximum propagation-delay time 
vs. supply voltage. 


(13,2); (1,11); 
(12,5,8); (7,4,9) 

92CS-'5J-»9 

b) 3-Input NOR Gate 
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Fig. 13— Typical dissipation characteristics. 


(1,12,13); (2,14,11); 
(4,8); (5,9) 

c) 3-Input NAND Gate 



(13,12,5); (4,9,8); 



92CS-I5329 

d) Tree (Relay) Logic 


(6,3,10); (8.5,12); 
(11,14); (7,4,9) 


(OPTIONAL V DD PULL-UP) 



e) High Sink-Current Driver f) High Source-Current Driver 




V ■,%>, 146./, 

(11,4); (8,13,10); 
(6,3) 


h) Dual Bi-Directional Transmission Gating 


Fig. 14 — Sample COS/MOS logic circuit arrangements using type CD4007A (Cont'd). 


v oo 



92CS-2744I 

Fig. 15 — Noise-immunity test circuit. 
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NOTE 

MEASURE INPUTS 
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92CS-27402 

Fig. 17 - Input-leakage-current test circuit. 


377 








COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4008A Types 


COS/MOS 4-Bit Full Adder 

Applications 


With Parallel Carry Out 

The RCA-CD4008A types consist of four 
full-adder stages with fast look-ahead carry 
provision from stage to stage. Circuitry is in- 
cluded to provide a fast "parallel-carry-out" 
bit to permit high-speed operation in arith- 
metic sections using several CD40Q8A's. 
CD4008A inputs include the four sets of bits 
to be added, A-j to A4 and B-j to 64, in ad- 
dition to the "Carry In" bit from a previous 
section. CD4008A outputs include the four 
sum bits. Si and S4, in addition to the high- 
speed "parallel-carry-out" which may be 
utilized at a succeeding CD4008A section. 

The CD4008A types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, F, 
and Y suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat pack- 
age (K suffix), and in chip form (H suffix). 

STATIC ELECTRICAL CHARACTERISTICS 


Features: 

■ 4 sum outputs plus parallel look-ahead carry-output 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 pA at 15 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature range) 
MAXIMUM RATINGS, Absolute-Maximum Values: 


Binary addition/arithmetic units 


STORAGE-TEMPERATURE RANGE (T st g) -65 to +150 C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E,Y -40 to +85 °C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V$s Terminal): —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T a = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FOR T A = +60 to +85 C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) from case for 10 s max . +265 °C 

RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,K,F,H Packages 

E, Y Packages 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

SH 


^9 

Limit 

Quiescent Device 
Current ,! l Max. 

— 

— 

5 

5 

Pci 

5 

300 

50 

BUI 

50 

700 

pA 

— 

— 

K3 

10 


10 

600 

500 

1 

100 

1400 

— 

— 

m 

50 

1 

50 

2000 

500 

WM 

500 

5000 

Output Voltage: 
Low-Level, 

VOL 

— 

0,5 

5 

0 Typ.; 0.05 Max. 

V 

— 

0,10 

10 

0 Typ.; 0.05 Max. 

High Level, 

VOH 

- 

0,5 

5 

4.95 Min.; 5 Typ. 

— 

0,10 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 

— 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

— 

10 

3 Min.; 4.5 Typ. 

Inputs High, 

vnh 

0.8 

— 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

VnML 

4.5 

— 

5 

1 Min. 

V 

9 

— 

10 

1 Min. 

Inputs High, 
VNMH 

0.5 

_ 

5 

1 Min. 

1 

— 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink), 

IqN Min. 

* 

0.5 

_ 

5 

0.31 

0.5 

0.25 

0.1 75 

0.155 

0.5 

0.13 

0.105 

mA 

* 

0.5 

— 

10 

0.93 

1.5 

0.75 

0.53 

0.6 

1.5 

0.5 

0.4 

A 

3 

— 

5 

0.012 

0.2 

0.01 

0.007 

0.009 

0.2 

0.007 

0.005 

A 

3 

— 

10 

0.31 

0.5 

0.25 

0.175 

0.24 

0.5 

0.2 

0.16 

p-Channel 

(Source), 

IqP Min. 

* 

4.5 

— 

5 

-0.31 

-0.5 

-0.25 

-0.175 

-0.155 

-0.5 

-0.13 

-0.105 

* 

9.5 

- 

10 

-0.93 

-1.5 

-0.75 

-0.53 

-0.6 

-1.5 

-0.5 

-0.4 

A 

2 

- 

5 

-0.012 

-0.2 

-0.01 

-0.007 

-0.008 

-0.2 

-0.007 

-0.005 

A 

7 

- 

10 

-0.185 

-0.3 

-0.15 

-0.105 

-0.12 

-0.3 

-0.1 

-0.08 

Input Leakage 
Current, 
l|L, l|H Max. 

Any 

Input 

15 

±10 ® Typ.; ±1 Max. 

pA 


* Carry Output A Sum Output 


For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 


Characteristic 

Min. 

Max. 

Units 

Supply-Voltage Range 
(T/\ = Full Package- 
Temp. Range) 

3 

12 

V 



Fig. 1 — CD4008A logic diagram. 

TRUTH TABLE 


Aj 

B i 

Cj 

© 

o 

SUM 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

1 

1 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4008A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at 


CHARACTERISTIC 


Propagation Delay Time: tp^L* tpLH 
Sum In to Sum Out 


Carry In to Sum Out 


Sum In to Carry Out 


Carry In to Carry Out 


Transition Time: t-puL/ l TLH 
At Surn Outputs 


At Carry Output 


Input Capacitance, C| 
(Any Input) 


Ta = 25 C; Input t r , tf = 20 ns. Cl = 15 pF, 

R L ~ 200 K£2 

LIMITS 

D,F,K,H £,Y UNITS 

Packages Packages 


Typ. Max. Typ. Max. 


900 1300 900 2000 
325 500 325 650 


900 1300 900 2000 
325 500 325 650 



LOAD CAPACITANCE < C L )— pF 



Fig. 2 — Typical sum-in to carry out propagation 
delay time vs. C L . 


J AMBIENT TEMPERATURE < T A ) • 25 *C 4 
TYPICAL TEMPERATURE COEFFICIENT n 
FOR VALUES OF V D D*0.3%/*C A 



■■■■■■■■■■ ■■■#■ ■••■■■■■■■I 

s!s:s:::::::iSssSssss5:sss:Usssisi 





LOAD CAPACITANCE ( C|_ ) — pF 


SUPPLY VOLTS (Vool 


— LOAD CAPACITANCE (C|_l*I5pF 
-C L »SOpF 


Fig. 4 - Typical carry-in to carry-out propagation 
delay time vs. Cj_. 


Fig. 5 — Typical maximum propagation delay time 
vs. V pq for carry-in to carry-out. 


INPUT FREQUENCY (f*) — kHz 




Fig. 6 — Typical dissipation characteristics. 


Bli-iej CD4008 isn-ifi 


NOTE- 

TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT 

«cs- 27400 V 00 0RV SS 


rig. S — Noise immunity test circuit. 


Fig. 7 - Quiescent device current test circuit. 


MZ>~ 

vss 



:CD4008 f-S5-* 


MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V DD ANOVss 
CONNECT ALL UNUSEC 
INPUTS TO EITHER 
Von OR 


3CD4008 fSi-4 


Fig. 9 — Input leakage current test circuit. 


92CS- I776IRI 

Fig. 10 — Typical connection for a 16-bit adder. 















































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4009A, CD4010A Types 


COS/MOS Hex Buffers/Converters 


Inverting Type: CD4009A 
Non- Inverting Type: CD4010A 

The RCA-CD4009A and CD4010A Hex 
Buffer/Converters may be used as COS/MOS 
to TTL or DTL logic-level converters or 
COS/MOS high sink-current drivers. 

The CD4049A and CD4050A are preferred 
hex buffer replacements for the CD4009A 
and CD4010A, respectively, in all applica- 
tions except multiplexers. For applications 
not requiring high sink current or voltage 
conversion, the CD4069B Hex Inverter is 
recommended. 

The CD4009A and CD4010A types are sup- 
plied in 16-lead hermetic dual-in-line ceramic 
packages (D, F, and Y suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packs (K suffix), and in 
chip form (H suffix). 




NC O-^ 

*cc O — ~ 
v ss O— ^ 
vdd O— - - 


NC O — 

- v ccO — - 
8 

92SS-4H0B2, VgsO- 

^ 16 
vddO — 



For MAXIMUM RATINGS see Ratings and 
Characteristics" at the beginning of the COS/MOS 
section. 


Features: 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 flA at 15 V 
(full package-temperature range) 

■ High sink current for driving 2 TTL loads 

■ High-to-low level logic conversion 

Applications: 

■ COS/MOS to DTL/TTL hex converter 

■ COS/MOS current "sink" or "source" driver 

■ COS/MOS high-to-low logic-level converter 

■ Multiplexer — 1 to 6 or 6 to 1 


CD4009 CD4010 

Fig. 1— Logic diagrams. 



Fig. 2 — Minimum & maximum voltage transfer 
characteristics — CD4009A. 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For T^ = Full Package- 
Temperature Range : Vqq , Vqq ) 

3 

12 

V 

Input Voltage Range ( V j ) 

Vcc* 

12 

V 


* The CD4009 and CD4010 have high-to-low level voltage conversion capability but not low-to-high level, 
therefore it is recommended that Vdd ^ V| ^ Vcc • 
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AMBIENT TEMPERATURE d A ) - 25° C 1 

H5j 

iglaa 

m 

ggj 

III 


DRAIN SUPPLY VOLTS (V,*,) - . 10 

■ 

B 

55155555 

saaaasa 

I 

jjjjj 

5 

O 4 

SB 

sssss 

SZ8SS 

sssss 

iiiii! 

m 

i 

tHfimisi! 

■gft 

H 

5:5 

m 

S3 

::k 

Kg 

il 

II 

Si 

:ks 

jjjjj 

H 

555:55:55 

555555555 

WWW 

Kg 

Kg 

I 

gj| 

SSSSS 

ii 

P 


i 

::::: 

ijjj 

K 


jjjjj 


M 

il 



SSSSS 

sssss 

1, 

2 

S . 

1 

is 

jjjjj 

55: 

M 

jjjj: 

jjjjj 

jjjjj 

11 

i 

m 

1 

515 

k:: 

1 

5S5 

55: 

jjjj: 

5:5 

jjjj: 

il 

k: 

5:i 

•HI 

::: ; 

li! i 

n 

;::g; 

1:55 

:::::: 

i::: 

sssss 

55: 

::::: 

jjjj: 

5:5 

::::: 

::::: 

lllllllllliiliiii llllllllllll 

Hill 

::::: 

55: 

iiiii 

in 

;g 

jjj 

s: 

:: 

1 

II! 

::::: 

jjjj: 

55: 


0 2 4 * I 10 

input volts (v,) 92SS-41 95 R 1 


Fig. 5 — Minimum & maximum voltage transfer 
characteristics (Vqq = 10) - CD4010A. 



Fig. 6 — Minimum & maximum voltage transfer 
characteristics (Vqq = 15) —CD4010A. 
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CD4009A, CD4010A Types 


COS/MOS DIGITAL INTEGRATED CIRCUITS 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 


Quiescent Device 
Current,! l Max. 

Output Voltage: 
Low-Level, 

VOL 


High Level 
VOH 


Noise Immunity: 
Inputs Low, 

V|ML 

CD4010A 


Inputs High 
VNH 
All Types 
Inputs Low, 
VNL 

CD4009A 


Noise Margin: 
Inputs Low, 
VNML 
CD4010A 


Inputs High, 

VNMH 

CD4010A 


Output Drive 
Current : 
N-Channel 
(Sink), 

IqN Min. 

P-Channel 
(Source), 
\qP Min. 


Input Leakage 
Current, 
l|L.I|H 


»CC = V DD 


Conditions 


Vq |V|N 


Limits at Indicated Temperatures (°C) 


D,K,F,H Packages 


E, Y Packages 



—55 

+25 

+125 

-40 

! +25 

+85 

Typ. 

Limit 

Typ. 

Limit 

5 

0.3 

0.01 

0.3 

20 

3 

0.03 

3 

42 

10 

0.5 

0.01 

0.5 

EEH 

5 

0.05 

5 

70 

oiei 

0.02 


EBfiB 

50 

0.5 

50 

500 


0,5 


0,10 10 


0 Typ.; 0.05 Max 


0 Typ.; 0.Q5 Max 


4.95 Min.; 5 Typ. 


L95 Min.; 10 Typ. 



10 10 


3 

2.1 

8 

5.6 


9.6 10 


-0.5 I -0.25 1-0.1751 -0.3 


8 


0.25 -0.2 


-1.25 

-0.9 

-0.6 

-0.4 


Any Input 


±10- 5 typ.;±1 Max. 




liillllllll 






DRAIN -TO- SOURCE VOLTS (V 0S ) 

«CS-I7*1 

Fig. 10 — Minimum n-channel drain 
characteristics. 


0 20 40 60 80 100 

LOAO CAPACITANCE <C,)--pF 

L 92CS- 17671 

Fig. 11 — Typical high-to-low level propagation 
delay time vs. C^. 


COLLECTOR SUPPLY VOLTS (Vcc) « ♦ S [ 


(T A ).I2S°C I 




LOAD CAPACITANCE (C L ) — pF 


Fig. 12 — Typical low-to-high level propagation 
delay time vs. C[_. 





























































































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4009A, CD4010A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t, , tf = 20 ns. Cl - 15 pF, 

Rl= 200 KS2 





Input Capacitance, C| 

CD4009 

CD4010 


LOAD CAPACITANCE tC, J — pF 

92CSI707 

Typical low-to-high level propagation 
delay time vs. C[_ (driving TTL, DTL) 


mauuiuuimaagg««^isa;il!!l:;l;L:::::: 


gggggggg|(|j|jHniilil!lll 

gggggiiagggiijjiiiiiiiin 


ggggggSiiliiljliliaiBliiiiiiii: 





load CAPACITANCE tc, 1 — pF 


Typical high-to-low level transition time 


AMBIENT TEMPERATURE (T A )-25*C 
TYPICAL TEMPERATURE COEFFICIENT FOR 


g- IS 




40 60 80 100 

LOAD CAPACITANCE tC L > — pF 


Typical low-to-high level transition time 
/s. C[_. 


AMBIENT TEMPERATURE (T A ) • 25*C 
LOAD CAPACITANCE (Ci ) > ISoF 



CERAMIC PACKAGES <tp IH )Lrr 

plastic packages (t PLM ) ::::::: 

mi h iii i it t m 1 1 1 n 4 31 — 

ip CERAMIC PACKAGES (tp ML )i - -II 
-P / - - PLASTIC PACKAGES (tp HL ) ' 


SUPPLY VOLTS (V 00 « V cc ) 



* 4 68' 2 488 . 2 48 

io io z itr 

INPUT FREQUENCY (f^) kHi 

92C5-I9807 

Fig. 18 — Typical dissipation characteristics . 


K 17 — Maximum propagation delay time vs. Fig. 18 — Typical dissipation characteristics 

V do ~ CD4009A. 

For quiescent device current, noise immunity, and input leakage current test circuits see “Ratings and 
Characteristics" at the beginning of the COS/MOS section. 































































































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD 4011 A, CD 4012 A, CD 4023 A Types 

COS/MOS NAND Gates Fsm: 


Quad 2 Input — CD401 1A 
Dual 4 Input — CD4012A 
Triple 3 Input — CD4023A 


The RCA-CD401 1A, CD4012A, and CD- r 

4023A NAND gates provide the system p 

designer with direct implementation of the C( 
NAND function and supplement the existing t j 
family of COS/MOS gates. p 

The CD4011A, CD4012A, and CD4023A 
types are supplied in 14-lead hermetic dual- 
in-line ceramic packages (D, F, and Y suf- 
fixes), 14-lead dual-in-line plastic packages 
(E suffice), 14-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 


■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 /iA at 15 V 
(full package -temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges: 


Characteristic 

Min. 

Max. 

Supply Voltage Range 



(over full package 

3 

12 

temperature range) 




STORAGE-TEMPERATURE RANGE (T s tg> ~ 65 to +150 C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E,Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V$s Terminal): -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FO r T a = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265 °C 


AMBIENT TEMPERATURE 
(T A )-25-C | 


sirw 


aaaaaaaa». Miiaiaii 
■■■■■ ■■■■■.- aaaaaaa 


10 12 5 

INPUT VOLTS ( V T ) 



vs 

■■■ ■aau ^aaata ; ■ 
— ■■■ BfS vMaaaaaMi 
■iBiaaaltxml laaaaaJ 
■aaaaaaaaaaa iaaaaaM 
Laaanaaaaa aaaaai ■ 

VaaUmaaai aaaaai Ml 
yiaaa* 'aaaaai aaaaai ■ 
■aaaaat aaaaai iaaaai| 



I 92CS-I779I 

Fig. 2 — Minimum & maximum voltage transfer 
characteristics . 
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92CS-I7780 

Fig. 3 - Typical voltage transfer characteristics 
as a function of temperature. 



92CS-24763 

CD4011A 



92CS-24759 

CD4012A 



92CS- 24761 

CD4023A 

Fig. 1 — Functional diagrams. 


AMBIENT TEMPERATURE (T A ) ■ 25»C - 
SUPPLY VOLTS (VrjfO * ■* 15 LETT till 




o«l INPUT 
b *2 INPUTS 


INPUT VOLTS (Vjl 92CS- ) 7 868RI 

Fig. 4 — Typical multiple input switching transfer 
characteristics for CD4012A. 


AMBIENT TEMPERATURE (T A ) ■ 25*C _ 
^SUPPLY VOLTS (V DD ) * 15 




J ^00 7<j> V SS 

- © 0TH« 
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: ° * Tovfco 


Iaaaaa laria^i 
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ai aUSIaaa 


aaaaa ■t/JBflia^aaBak'aaBBaivaaBBBBBBaBBaiil 
aaha I'iaaaa^B.iBflBfl.'iaBflBL'aBaBaaaaaaaaiil 
bbk*' 


10 12.5 

INPUT VOLTS (V T ) 


* 92CS-I7792 

Fig. 5 - Typical current & voltage transfer 
characteristics. 


AMBIENT TEMPERATURE (T A > ■ 25 *C - 
TYPICAL TEMPERATURE COEFFICIENT ; 
|5 FOR I D — 0.5%/*C 


<5 GATE - TO - SOURCE VOLTS (V 6S ) - 15 




DRAIN - TO - SOURCE VOLTS <V DS ) 

92CS-I78S0 

Fig. 6 — Typical n-channel drain characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4011A, CD4012A, CD4023A Types 

STATIC ELECTRICAL CHARACTERISTICS 


Conditions 


Characteristic 


Quiescent Device 
Current, I l Max. 


Output Voltage: 
Low- Level 
VQL 

High Level, 

VOH 


Noise Immunity: 
Inputs Low, 
VNL 


Inputs High, 

V|\JH 


Noise Margin: 
Inputs Low, 
VNML 


Limits at Indicated Temperatures (°C) 
D,K,F,H Packages I E,Y Packages 


Vo V|N Vqd _ 55 +2 p +1 25 

(V) (V) (V) Typ. Limit 

1 0.001 0.05' * 


-40 -=X- 

Typ. Limit 

0.5 0.005 0.5 


P-Channel 
(Source), 
IqP Min. 
All Types 


Input Leakage 
Current, 

'lL- 'lH 


DRAIN -TO -SOURCE VOLTAGE (V DS ) — V 
-IS -10 -S 




GATE -TO -SOURCE VOLTAGE (Vrc) >15 V [ 


AMBIENT TEMPERATURE <T A )-25*C 

TYPICAL TEMP COEFFICIENT AT ALL VALUES OF V<;s*-0.3%/’ , C 


92Cb-l7793 

Fig. 7 — Typical p-channel drain characteristics. 


MMEMT TEMPERATURE <T A )«*S“C 

TYPICAL TEMPERATURE COEFFICIENT FOR I D — Ol3%/«C I 
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DRAIN -TO -SOURCE VOLTS (V DS ) 

92CS -I 764 7 

Fig. 8 ~ Minimum n-channel drain characteristics 
-CD4011A & CD4023A. 
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Fig. 9 — Minimum n-channel drain characteristics 
- CD4012A. 




























































































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4011A, CD4012A, CD4023A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Cl = 15 pF. Input t r , tf = 20 ns, 

RL = 200KS2 


CHARACTERISTICS 

TEST 

LIMITS 

UNITS 

CONDITIONS 

D t F,K,H 

Packages 

E,Y 

Packages 


Vdd 

(V) 

Typ. 

Max. 

Typ. 

Max. 

Propagation Delay Time: 
Low-to-High Level, tpL>j 


5 

50 

75 

50 

100 

ns 

10 

25 

40 

25 

50 

High-to-Low Level, tpp||_ 

CD401 1 A and CD4023A 


5 

50 

75 

50 

100 

ns 


10 

25 

40 

25 

50 

CD4012A 


5 

100 

150 

100 

200 

ns 


10 

50 

75 

50 

100 

Transition Time: 

Low-to-High Level, tjLH 


5 

75 

100 

75 

125 

ns 


10 

40 

60 

40 

75 

High- to- Low Level, typ|j_ 

CD401 1 A and CD4023A 


5 

75 

125 

75 

150 

ns 


10 

50 

75 

50 

100 

CD4012A 


5 

250 

375 

250 

500 

ns 


10 

125 

200 

125 

250 

Input Capacitance, C| 

Any Input 

5 

- 

5 

- 

pF 



Fig. 13— Typical high-to-low level propagation 
delay time vs. — CD4012A. 



Fig. 14 — Typical low-to-high transition time vs. 

C L . 



Fig. 15 — Typical high-to-low level transition 


time vs. C L - CD401 1A & CD4023A. 



Fig. 16 — Typical high-to-low level transition time 
vs. C L - CD4012A. 



Fig. 17 — Minimum propagation delay 
time vs. Vqq. 



Fig. 18 — Typical dissipation characteristics. 

Fig. 19 




92CS- 27401 

Quiescent device current 
test circuit. 


Fig. 20 — Noise immunity test circuit. 



Fig. 21 — Input leakage current test circuit 









COS/MOS DIGITAL integrated circuits 


CD4013A Types 


Dual D’-Type Flip-Flop 


The RCA-CD401 3A consists of two identical, 
independent data type flip-flops. Each flip- 
flop has independent data, set, reset, and 
clock inputs, and Q and Q outputs. These 
devices can be used for shift register appli- 
cations, and by connecting Q output to the 
data input, for counter and toggle applica- 
tions. The logic level present at the D input 


is transferred to the Q output during the 
positive-going transition of the clock pulse. 
Setting or resetting is independent of the 
clock and is accomplished by a high level 
on the set or reset line, respectively. 

The CD401 3A-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D,F, and Y suffixes), 14-lead dual-in- 
line plastic packages (E suffix), 14-lead cer- 
amic flat packages (K suffix), and in chip 
form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 





v oo 




h 


SET | — 

0,-1 

-J 

=L 


2-5, 

CLOCK | — 

- 

F/FI 

- 

-Q, 



I 



$et 2 JL 

— 




0z — 






J£o 2 

clock 2 -^ 


F/F2 

— 

^o 2 

reset 2 H 

: 

__ 

F 





» V SS 



92C: 

5- 25046 

CD4013A 


Functional Diagram 


STORAGE-TEMPERATURE RANGE 
OPERATING TEMPERATURE RANGE 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPES E. Y 


< T stg> 


IT A ): 


-65 to +150°C 

-55 to + 1 25 °C 
-40 to +85°C 


DC SUPPLY-VOLTAGE RANGE, (V DD ) 


(Voltages referenced to Vgg Terminal) —0.5 to +15 V 


FOR T a = -40 to +60°C (PACKAGE TYPES E, Y) 


500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E. Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F. K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR T a = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 


100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (1 59 ± 0.79 mm) from case for 1 0 s max +265°C 


Features: 

Set-Reset capability 

Static flip-flop operation — retains state indefinitely 
with clock level either "high" or "low" 
Medium-speed operation — 10 MHz (typ.) clock 
toggle rate at 10 V 
Quiescent current specified to 15 V 
Maximum input leakage of 1 jjlA at 15 V 
(full package-temperature range) 

1-V noise margin (full package-temperature 
range) 


Applications: 


■ Registers, counters, control circuits 


!4O“V 00 
7 0V SS 


' N(N)*FFI/FF2 TERMINAL 
ASSIGNMENTS 



LOGIC 0 • LOW 
LOGIC I « HIGH 

A * LEVEL CHANGE 
X» DON'T CARE 



"ALL INPUTS i 
PR0TECTE0 
COS/MOS PROTECTION 
NETWORK 


Fig. 1 - Logic diagram and truth table for CD4013A (one of two identical flip flops). 



Fig.2 — Typical n-channel drain characteristics. 



Fig. 3 — Typical p-channe! drain characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4013A Types 

RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted: 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges — 




LIMITS 


CHARACTERISTIC 


D,F,K,H 

E,Y 

UNITS 


Vdd 

Packages 

Packages 


(V) 


Max. 


Max. 


Supply-Voltage Range 

II 



pi 



(For T A = Full Package 
Temperature Range) 


3 

12 

D 

12 

V 



40 

___ 

KTH 

_ 


Data Setup Time tg 


20 

H 

H 

- 

ns 


5 

200 

_ 


■ 


Clock Pulse Width tyy 

10 

80 

- 

H 

1 

ns 

Clock Input 



2.5 


mm 

MHz 

Frequency fCL 


dc 

7 

dc 

1 

Clock Rise or Fall 

5 

- 

15 

- 

15 


Time t r CL*,t f CL 

10 

- 

5 

- 

5 

Ms 

Set or Reset Pulse 

5 

250 

— 

500 

— 

ns 

Width 

10 

100 

- 

125 

- 


If more than one unit is cascaded in a parallel clocked operation, t r CL should 
be made less than or equal to the sum of the fixed propagation delay time at 
15 pF and the transition time of the output driving stage for the estimated 
capacitive load. 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, 

C L = 15 pF, R L = 200k£2 



Fig. 4 — Minimum n-channel drain characteristics. 



Fig. 5 - Minimum p-channel drain characteristics. 






LIMITS 




CHARACTERISTIC 

Vdd 

D,F,K,H 

Packages 

E,Y 

Packages 

UNITS 


(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Propagation Delay Time: 

5 


150 

300 


150 

350 


Clock to Q or Q Outputs 

tPHL'tPLH 

10 


75 

110 

- 

75 

125 

ns 

Set to Q or Reset to Q 

5 

— 

175 

300 


175 

350 

ns 

tPLH 

10 

- 

75 

110 

- 

75 

125 

Set to Q or Reset to Q 

5 

— 

175 

300 

— 

175 

350 

ns 

tPHL 

10 

- 

75 

110 

- 

75 

125 

Transition Time, 

5 

- 

75 

125 

- 

75 

150 

ns 

l THL' l TLH 

10 

— 

50 

70 

— 

50 

75 

Maximum Clock Input 

5 

2.5 

4 

- 

1 

4 

- 

MHz 

Frequency, fCL 

10 

7 

10 

- 

5 

10 

- 

Minimum Clock 

5 

— 

125 

200 

— 

125 

500 

ns 

Pulse Width, t yj 

10 

- 

50 

80 

- 

50 

100 

Minimum Set or Reset 

5 

— 

125 

250 

_ 

125 

500 

ns 

Pulse Width, tyy 

10 

- 

50 

100 

- 

50 

125 

Minimum Data Setup 

5 

— 

20 

40 

— 

20 

50 

ns 

Time, tg 

10 


10 

20 

- 

10 

25 

Clock Rise or Fall Time 

5 


— 

15 


— 

15 

Ms 

VCL- l fCL 

10 

- 

- 

5 

- 

- 

5 

Average Input 

Capacitance, Cj 

Any 

Input 

- 

5 

- 

- 

5 

- 

pF 



Fig.6 — Typical propagation delay time vs. C^_. 



387 























COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4013A Types 

STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,K,F,H Packages 

E,Y Packages 

Vo 

(V) 




+25 

+125 

-40 

+25 

+85 






B 

B 

B 

■1 

0 005 


60 

10 

0.01 

mm 

140 


B 

■ 


2 

0.005 

2 


20 


20 

280 

- 

- 

15 

25 

0.5 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low-Level, 

VOL 

_ 

0.5 

5 

0 Typ.; 0.05 Max. 

V 

- 

0.10 

10 

0 Typ.; 0.05 Max. 

High-Level 

VOH 

- 

0.5 

5 

5 Typ.; 4.95 Min. 

- 

0.10 

10 

1 0 Typ.; 9.95 Min. 

Noise Immunity: 

Inputs Low, 

Vnl 

4.2 



5 

2.25 Typ.; 1.5 Min. 

V 

9 

- 

10 

4.5 Typ.; 3 Min. 

Inputs High 

VnH 

0.8 

- 

5 

2.25 Typ.; 1.5 Min. 

1 

- 

10 

4.5 Typ.; 3 Min. 

Noise Margin: 
Inputs Low, 

V NML 

4.5 

_ 

5 

1 Min. 

V 

9 

- 

10 

1 Min, 

Inputs High, 

V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 

N-Channel 

(Sink) 

IqN Min, 

0.5 


5 

0.65 

1 

0.5 

0.35 

0.35 

1 

0.3 

0.24 

mA 

0.5 


10 

1.25 

2.5 

1 

0.75 

0.72 

2.5 

0.6 

0.5 

P-Channel 

(Source) 

IqP Min. 

4.5 

- 

5 

-0.31 

-0.5 

-0.25 

-0.175 

-0.17 

-0.5 

-0.14 

-0.12 

9.5 

- 

10 

-0.8 

-1.3 

-0.65 

-0.45 

-0.4 

-1.3 

-0.33 

-0.27 

Input Leakage 
Current, 

1 1 L' 1 1 H 

Any 

1 nput 

15 

■ 

±1 0~ 5 Typ.; ±1 Max. 

pA 



v oo 

M£> 

Vss 


v oo 

JL 


T 

v ss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD A NO V ss 
CONNECT ALL UNUSED 
INPLfTS TO EITHER 
V D0 OR V ss 


92 CS - 2 7402 


Fig. 10 — Noise immunity test circuit. 


Fig. 11 — input leakage test circuit. 



Fig. 8 — Typical maximum dock input 
frequency vs. V qq- 



Fig.9 — Typical dissipation characteristics. 


v oo 



Fig. 12 — Quiescent device-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4014A Types 


COS/MOS 8-Stage Static Shift Register 

Synchronous Parallel or 
Serial Input/Serial Output 

RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E,Y 

Packages 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (ForT^ Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Data Setup Time, tg 

5 

10 

350 

80 



500 

100 

- 

ns 

Clock Pulse Width, t^j 

5 

10 

500 

175 

_ 

830 

200 


ns 

Clock Input Frequency, fQ[_ 

5 

10 

dc 

dc 

1 

3 

dc 

dc 

0.6 

2.5 

MHz 

Clock Rise and Fall Time, t r CL, tfCL* 

5 

10 

— 

15 

15 

- 

15 

15 

Ms 


* If more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures ( C) 

Units 

D,K,F,H Packages 

E,Y Packages 

Vo 

(V) 

V|N 

(V) 

VDD 

(V) 

55 

+25 

+125 

-40 

+25 

+85 


Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current l|_ Max. 

- 

— 

5 

5 

0.5 

5 

300 

50 

0.5 

50 

700 

jUA 

- 

- 

10 

10 

1 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

VOL 

— 

5 

5 

0 Typ.; 0.05 Max. 

V 

— 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

V 0 H 

- 

0 

5 

4.95 Min.; 5 Typ. 

— 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

VNL 

4.2 

_ 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

VNH 

0.8 

— 

5 

1.5 Min.; 2.25 Typ. 

1 


10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

VnML 

4.5 

— 

5 

1 Min. 

V 

9 


10 

1 Min. 

Inputs High, 
VnMH 

0.5 


5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink), 

IqN Min. 

0.5 


5 

0.15 

0.3 

0.12 

0.085 

0.072 

0.3 

0.06 

0.05 

mA 

0.5 

; 

10 

0.31 

0.5 

0.25 

0.175 

0.12 

0.5 

0.1 

0.08 

p-Channel 

(Source): 

IpP Min. 

4.5 

- 

5 

-0.1 

-0.16 

-0.08 

-0.055 

-0.06 

-0.16 

-0.05 

-0.04 

9.5 

— 

10 

-0.25 

-0.44 

-0.20 

-0.14 

-0.12 

-0.44 

-0.1 

-0.08 

Input Leakage 
Current, 

>IL. IlH 

Ar 

iy Ini 

put 

15 

±10~ 5 Typ.; ±1 Max. 

ma 



For MAXIMUM RATINGS see "Ratings and 
Characteristics." at the beginning of the COS/MOS 
section. 

The RCA-CD401 4A types are 8-stage parallel- 
input/serial output registers having common 
CLOCK and PARALLEL/SERIAL CON- 
TROL INPUTS, a single SERIAL DATA 
INPUT, and individual parallel "JAM" IN- 
PUTS to each register stage. Each register 
stage is a D-type, master-slave flip-flop. In 
addition to an output from stage 8, "Q" out- 
puts are also available from stages 6 and 7. 
Parallel as well as serial entry is made into 
the register synchronous with the positive 
clock line transition and under control of 
the PARALLEL/SERIAL CONTROL input. 
When the PARALLEL/SERIAL CONTROL 
input is low, data is serially shifted into the 
8-stage register synch rr ously with the pos- 
itive transition of the clock line. When the 
PARALLEL/SERIAL CONTROL input is 
high, data is jammed into the 8-stage register 
via the parallel input lines and synchronous 
with the positive transition of the clock line. 
Register expansion using multiple CD4014A 
packages is permitted. 

The CD4014A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 16- lead dual-in- 
line plastic packages (E suffix), 16-lead ce- 
ramic flat packages (K suffix), and in chip 
form (H suffix). 


o 

r 

► 

SER. 

IN 

PAR SER 
CONTROL 

PI-1 

Pl-n 

Q 1 

(INTER- 

NAL) 

Qn 


X 

1 

0 

0 

0 

0 


X 

1 

1 

0 

1 

0 


X 

1 

0 

1 

0 

1 


X 

1 

1 

1 

1 

1 


0 

0 

X 

X 

0 

<V1 


1 

0 

X 

X 

1 

Q n -1 


X 

X 

X 

X 

Q 1 

On 


X = DON'T CARE CASE A = LEVEL CHANGE 
NC = NO CHANGE 
Fig. 1 — Truth table. 







COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4014A Types 


Features: 

■ Medium speed operation 5 MHz (typ.) clock 

rate at Vqq — V§§ -10 V 

■ Fully static operation 

■ 8 master-slave flip-flops plus output 
buffering and control gating 


■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 fJA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 


Applications: 

■ Synchronous parallel input/serial output 
data queueing 

■ Parallel to serial data conversion 

■ General-purpose register 



Fig. 2 — Typical dissipation characteristics . 



Fig. 3 — Typical dock input frequency 
vs. supply voltage . 



Fig. 4 — Typical propagation delay time 
vs. load capacitance. 



Fig. 6 — Typical transition time vs. load 
capacitance. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, C L = 15 pF, 

R l_ = 200 k£2 




LIMITS 


CHARACTERISTIC 

TEST 

CONDITIONS 

D,F,K,H 

Packages 

E,Y 

Packages 

UNITS 



V DD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Propagation Delay Time; 


5 

- 

300 

750 

- 

300 

1000 

ns 

tPLH-tPHL 


10 

— 

100 

225 

_ 

100 

300 

Transition Time; 


5 

- 

150 

300 

- 

150 

400 

ns 

tTHL'tTLH 


10 

— 

75 

125 

— 

75 

150 

Maximum Clock Input 


5 

1 

2.5 

- 

0.6 

2.5 

- 

MHz 

Frequency, fQL 


10 

3 

5 



2.5 

5 



Minimum Clock Pulse 


5 

— 

ISM 


— 


830 


Width, t w 


— 



BIB 


— 

100 

200 

Clock Rise & Fall Time; 
t r CL, t f CL* 


D 

H 

- 

o 

- 

- 

15 



10 





15 





15 

Minimum Data Set Up 


5 

- 

100 

350 

- 

100 

500 

ns 

Time, tg 


10 



50 

80 



50 

100 

Average Input 
Capacitance, Cj 

Any Input 

- 

5 

- 

- 

5 

- 

pF 


* If more than one unit is cascaded t f CL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



Fig. 5 — Logic block diagram. 
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For quiescent device current, noise immunity, and input leakage current test circuits see "Ratings and 
Characteristics” at the beginning of the COS/MOS section. 



























COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4015A Types 


COS/MOS Dual 4-Stage Static Shift Register 


With Serial Input/Parallel Output 

The RCA-CD4015A consists of two identical, 
independent, 4-stage serial-input/parallel- 
output registers. Each register has indepen- 
dent CLOCK and RESET inputs as well as 
a single serial DATA input. "Q" outputs are 
available from each of the four stages on 
both registers. All register stages are D-type, 
master-slave flip-flops. The logic level pre- 
sent at the DATA input is transferred into 
the first register stage and shifted over one 
stage at each positive-going clock transition. 


Resetting of all stages is accomplished by a 
high level on the reset line. Register expan- 
sion to 8 stages using oneCD4015A package, 
or to more than 8 stages using additional 
CD4015A's is possible. 

The CD4015A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 16-lead dual-in- 
line plastic package (E suffix), 16-lead cer- 
amic flat package (K suffix), and in chip 
form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -65 to+150°C 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY -VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P Q ) 

FOR T A = -40 to + 60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 12mW/°C to 200 mW 

FOR T a = -55 to + 100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = + 100 to +125°C (PACKAGE TYPES D, F, K) ... .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). . . . 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS .-0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25° C, Except as Noted. 
For maximum reliability , nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

D — 

Q > 

> ~ 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E, Y 

PACKAGES 

MIN. 

MAX. 

MIN. 

MAX. 

Supply-Voltage Range (ForT^= Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Data Setup Time, tg 

5 

10 

350 

80 

- 

500 

100 


ns 

Clock Pulse Width, tyy 

5 

10 

500 

175 

- 

830 

200 


ns 

Clock Input Frequency, fQ|_ 

5 

10 

dc 

dc 

1 

3 

dc 

dc 

0.6 

2.5 

MHz 

Clock Rise and Fall Time, t r CL, tfCL* 

5 

10 

_ 

15 

15 

- 

15 

15 

Ms 

Clock Reset Pulse Width, tyy 

5 

10 

500 

175 

- 

830 

200 

- 

ns 


# lf more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



V DD 

u 

7 




5 „ 

DATAa , 




°IA 

4 0, 

6 


4 

STA6E 


3 





10 O.X 

oata b — 

CLOCK B L 

RE SET B — 

- 

4 

STAGE 

- 

“-0.. 

— °2B 




- 

^-*40 

V 

Vss 

CD4015A 

FUNCTIONAL DIAGRAM 


Features: 

■ Medium speed operation 

5 MHz (typ.) clock rate at Vpp 

-v ss = iov 

■ Fully static operation 

■ 8 master-slave flip-flops plus output 

buffering 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 

at 15 V (full package-temperature 
range) 

■ 1-V noise margin (full package-tempera- 

ture range) 

Applications: 

■ Serial-input/parallel-output data queueing 

■ Serial to parallel data conversion 

■ General-purpose register 


TRUTH TABLE 


CL* 

D 

R 

Q i 

Qn 


0 

0 

0 

Q n-1 


1 

0 

1 

Q n-1 


~X~~ 

0 

Q 1 

Qn l* 

X 

X 

1 

_A_ 

0 


A_ 


LEVEL CHANGE 


X = DON'T CARE CASE 


Fig. 1 — Truth table . 



Fig. 2 — Typical clock input frequency 
vs. supply voltage. ■■ 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4015A Types 


STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (°C) 

CONDITIONS d, K, F, H PACKAGES E, Y PACKAGES 

CHARACTERISTICS —"I T~ 1 1 

V ifcl V™ +25 


AMBIENT TEMPERATURE (T A ) * 25 *C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF y QO -0.i%/*C 


CHARACTERISTICS 


V 0 V IN V DD _ 55 
(V) (VI (V) 




TYP. LIMIT 


+125 -40 


E, Y PACKAGES 
+25 ] t 

TYP. I LIMIT 





















































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4015A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at T 4 « 25° C, Input t r , tf = 20 ns, Cj_ = 15 pF, Rj_= 200 k£l 


CHARACTERISTIC 

TEST 

LIMITS 

UNITS 

CONDITIONS 

D, F, K, H 
PACKAGES 

E,Y 

PACKAGES 


< 
< O 

~ o 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MIN. 

CLOCKED OPERATION 

Propagation Delay 
Time; 

t plh- t phl 


5 

— 

300 

750 

- 

300 

1000 

ns 

10 

- 

100 

225 

- 

100 

300 

Transition Time; 

t THL' ^LH 


5 

- 

150 

300 

- 

150 

400 

ns 

10 

- 

75 

125 

- 

75 

150 

Minimum Clock Pulse 
Width, t w 


5 

- 

200 

500 

- 

200 

830 

ns 

10 

- 

100 

175 

- 

100 

200 

Clock Rise & Fall 
Time; t r CL, t^CL* 


5 

- 

- 

15 

- 

- 

15 

Ms 

10 

- 

- 

15 

- 

- 

15 

Minimum Data Set- 
up Time, t 0 


5 

- 

100 

350 

- 

100 

500 

ns 

10 

- 

50 

80 

- 

50 

100 

Maximum Clock 

Input Frequency, 

f CL 


5 

1 

2.5 

- 

0.6 

2.5 

- 

MHz 

10 

3 

5 

- 

2.5 

5 

- 

Average Input 
Capacitance, Cj 




5 

- 

- 

5 

- 

pF 

RESET OPERATION 

Propagation Delay 
Time, Tp LH , T pHL 


5 


300 

750 


300 

1000 

ns 

10 

- 

100 



225 

- 

100 

300 

Minimum Set and 

Reset Pulse Widths 

% 


5 

- 

200 

500 

— 

200 

830 

ns 

10 

— 

100 

175 

- 

100 

200 


*\f more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitve load. 


V D0' V NH 

V- 

Vnl 



TEST ANY COMBINATION 
OF INPUTS 


Fig. 7 — Noise-immunity test circuit. 


MD* 

v ss 


T 

Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANOV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V 00 0RV SS 


92CS- 2T402 


Fig. 8 — Input-leakage-current test 
circuit. 



Test performed with the following 
sequence of "1's" and "0's" 


Si S 2 
Test 0 1 

Don't Test 0 0 

Don't Test 1 0 

Don't Test 0 0 

Don't Test 1 0 

Don't Test 0 0 

Test 1 0 

Don't Test 0 0 

Test 1 0 


S3 

0 

1 

1 

0 

0 

1 

1 

0 

0 


Fig. 9 — Quiescent-device-current 
test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4016A Types 


COS/MOS Quad 
Bilateral Switch 

For Transmission or Multiplexing 
of Analog or Digital Signals 

The RCA-CD4016A Series types are quad 
bilateral switches intended for the trans- 
mission or multiplexing of analog or digital 
signals. Each of the four independent bi- 
lateral switches has a single control signal 
input which simultaneously biases both the 
p and n device in a given switch ON or OFF. 

The CD4016 “A" Series types are supplied 
in 14-lead hermetic dual-in-line ceramic pack- 
ages (D,F,Y suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic 
flat package (K suffix), and in chip form 
(H suffix). 

Features: 

■ 15-V digital or ± 7.5-V peak-to-peak switching 

■ 280-12 typical ON resistance for 15-V operation 

■ Switch ON resistance matched to within 1 0 12 
typ. over 15-V signal-input range 

■ High ON/OFF output-voltage ratio: 


■ High degree of linearity: <0.5% distortion 
typ. @ fj s = 1 kHz, V is =5 V p . p# 
VDD-VsS>10V,R L =10kl2 

■ Extremely low OFF switch leakage result- 
ing in very low offset current and high ef- 
fective OFF resistance: 

10 pA typ. @ VDD-VSS = 10 V, Ta = 25°C 

■ Extremely high control input impedance 
(control circuit isolated from signal circuit: 
1012 12 typ. 

■ Low crosstalk between switches: 

-50 dB typ. @ fj s = 0.9 MHz, R |_ = 1 k!2 

■ Matched control-input to signal-output 
capacitance: 

Reduces output signal transients 

■ Frequency response, switch ON = 40 MHz 

(typ.) 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 piA 
at 15 V (full package-temperature range) 


For MAXIMUM RATINGS see "Ratings and 
Characteristics." at the beginning of the COS/MOS 
section. 



Applications: 

■ Analog signal switching/multiplexing 

Signal gating ■ Modulator 

Squelch control ■ Demodulator 

Chopper ■ Commutating switch 

■ Digital signal switching/multiplexing 

■ COS/MOS logic implementation 

■ Analog-to-digital & digital-to- 
anaiog conversion 

■ Digital control of frequency, impedance, 
phase, and analog-signal gain 


12.5 

:? 

« IO 

§ 

i 7.5 
1 

I 5 

3 

O 

2.5 

SUPPLY VOLTS : Vq 0 ■ +15; Yjj • O E±i 

AMBIENT TEMPERATURE (T A ) -25*C Eil 

1 

m 

mam 

I 

jl 

ilHpei 


n 


' oH» 

liiH ill 1 


o 2.5 5 7.5 K> 12.5 15 

INPUT SIGNAL VOLTS (V ts ) 

92CS-I7880 


Fig. 1 , — Typ. "ON" characteristics for 1 of 4 

switches with Vqq ~ +15 V, V$s = 0 V. 



92CS-I7833 

Fig. 2— Typ. "ON" characteristics for 1 of 4 

switches with Vqq = +10 V, V$S = 0 V. 


65 dB typ. @ f is = 10 kHz, R L = 10 k!2 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range (For = Full Package 

Temperature Range) 

3 

12 

V 


TYPICAL “ON" RESISTANCE CHARACTERISTICS 


CHARAC- 

TERISTIC* 

SUPPLY 

CONDITIONS 

LOAD 

CONDITIONS 

R l = 1kl2 

R L = 10kH 

R L = 100kft | 

KG 3 

Bred 

VALUE 

(S2) 

v is 

(V) 

VALUE 

(12) 

V is 

(V) 

VALUE 

itt) 

^is 

(V) 


Q 

D 

200 

+ 15 

200 

+ 15 

180 

+ 15 

200 

0 

200 

0 

200 

0 


El 

0 

300 

+ 11 

300 

+9.3 

320 

+9.2 

r on 

+10 

0 

290 

+ 10 

250 

+10 

240 

+10 

290 

0 

250 

0 

300 

0 


+10 

0 

500 

+7.4 

560 

+5.6 

610 

+5.5 




860 

+ 5 

470 

+ 5 

450 

+ 5 

600 

0 

580 

0 

800 

0 

ESS&B 


0 

1.7k 

+4.2 

7k 

+2.9 

33k 

+2.7 

omn 

+7.5 

B 

200 

+7.5 

200 . 

+7.5 

180 

+7.5 

200 

-7.5 

200 

-7.5 

180 

-7.5 



BS 

290 

±0.25 

280 

±25 

400 

±0.25 

ni 

+ 5 

B 

260 

+ 5 

250 

+ 5 

240 

+ 5 

310 

- 5 

250 

- 5 

240 

- 5 



m 

600 

±0.25 

580 

±0.25 

760 

±0.25 

r on 

+2.5 

B 

590 

+2.5 

450 

+2.5 

490 

+2.5 

720 

-2.5 

520 

-2.5 

520 

-2.5 



-2.5 

232k 

±0.25 

300k 

±0.25 

870k 

±0.25 


* Variation from a perfect switch, Rqn = Ofi. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4016A Types 


ELECTRICAL CHARACTERISTICS (All inputs. 


VSS< V,< V D D> 


Recommended DC Supply Voltage (Vqd— V SS) . .3 to 15 V) 


Characteristic 

Test Conditions 

All Voltage Values 
are in Volts 

Limits 

Values at —55 0 C+25°C+125°C Apply to D ,F ,K ,H Packages 
Values at ~-4(PC,+25 0 C,+85 0 C Apply to E,Y Packages 

Unit 


V DD 

(V) 

-55° 

-40° 

+85° 

+125° 

+25° C 

Typ. 

Max. 

Quiescent Device 
Current, II max 
(All switches ON 
or all Switches 

OFF) 

D,F,K,H Pkgs. 


5 

0.25 



10 

0.01 

0.25 

pA 

10 

0.5 

- 

- 

20 

0.01 

0.5 

15 

2 

- 

- 

40 

0.01 

2 

E,Y Pkgs. 


5 

- 

0.25 

5 

... 

- 

0.25 


10 

- 

0.5 

10 

- 

- 

0.5 

15 

- 

2 

20 

- 

_ 

2 

| Signal Inputs (Vj s ) and Outputs (V os ) | 

ON Resistance, 

Ron 

v c = 

V DD 

Vss 



Vis 

Typ/Max 

Typ/Max 

Typ/Max 

Typ/Max 

200 

400 

n 

R L = 10kO # 

120/360 

130/370 

260/520 

300/600 

+7.5 

7.5 

+7.5 

-7.5 

1 20/360 

1 30/370 

260/520 

300/600 

200 

400 

±0.25 

130/775 

160/790 

400/1080 

470/1230 

280 

850 

+5 

-5 

+5 

130/600 

150/610 

340/840 

400/960 

250 

660 

-5 

1 30/600 

150/610 

340/840 

400/960 

250 

660 

±0.25 

0 

r^- 

CO 

LO 

CM 

CO 

370/1900 

770/2380 

900/2600 

580 

2000 

+ 15 

0 

+ 15 

120/360 

130/370 

260/520 

300/600 

200 

400 

+0.25 

1 20/360 

1 30/370 

260/520 

300/600 

200 

400 

+9.3 

150/775 

180/790 

400/1080 

490/1230 

300 

850 

+ 10 

0 

+10 

130/600 

150/610 

340/840 

400/960 

250 

660 

+0.25 

130/600 

150/610 

340/840 

400/960 

250 

660 

+5.6 

0 

00 

0 

350/1900 

750/2380 

880/2600 

560 

2000 

AON Resistance 
Between Any 

2 of 4 Switches 

ARon 

R L = 10 k£2 # 





10 


£2 

+ 7.5 

-7.5 

±7.5 

+5 

-5 

±5 

- 

- 

- 

- 

15 

- 

Sine Wave 

Response 

(Distortion) 

+5 

-5 

5 

P-P* 

_ 





0.4 

— 

% 

R[_ = 10 kO 
f j s = 1 kHz 

Frequency Response 
Switch ON 
(Sine-Wave 

Input) 

v DD =+ S _ 5 

V C =V 3S = ~ 5 P-P 



- 

- 

40 


MHz 

R|_ = 1 ka 

Vos 

20 logi 0 v = 
v is 

—3 dB 

Feedthrough 

Switch OFF 

+5 

-5 

-5 

P-P 

- 


- 

- 

1.25 

_ 

MHz 

R|_= 1 kH 

20 logi 0)7^ = 

V j s 

-50 dB 

Input or Output 
Leakage Current 
Switch OFF 
(Effective OFF 
Resistance) 

VDD 

v C = 

vss 

±7.5 





+ 100 


pA 

+7.5 

-7.5 

+ 5 

-5 

±5 




- 

±10x10^ 3 

±1 25* 

nA 



Fig. 3 — Typ. "ON" characteristics for 1 of 4 

switches with Vqq = + 5 V, V$S = 0 V. 



switches with Vqq - + 7.5 V, V§$ * -7.5 V. 



Fig. 5 ~ Typ. "ON" characteristics for 1 of 4 

switches with Vqq - +5 V, V$$ = -5 V. 



Fig. 6 — Typ. "ON" characteristics for 1 of 4 

switches with Vqq = +2.5 V, = -2.5 V. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4016A Types 


ELECTRICAL CHARACTERISTICS (Cont'd) V SS « V|< Vpo) 

Recommended DC Supply Voltage (Vqd—Vss). -3 to 15 V) 


Characteristic 

Test Conditions 

All Voltage Values 
are in Volts 

Limits 

Valuesat-55°C,+25°C+125°C Apply to D,F,K,H Packages 
Values at —4CPC,+25°C+85°C Apply to E,Yi Packages 

Unit 


Q — 
Q > 
> — 

-55° 

-40° 

+85° 

+125° 

! +25°C 


Typ. 

Max. 


Crosstalk Between 
Any 2 of 4 

Switches 
(f = -50 dB) 

Vc(A)=V D D=+ 5 
V C (B)=V S s=-5 
V js (A) = 5 p-p 
Rj_=1 k£2 

on, V °s< B > 

20l °giovi S (A) = 

-50 dB 

- 

- 


- 

0.9 

- 

MHz 

Propagation 

Delay (Signal 

Input to 

Signal Output) tpd 

Vc :> 
Vcc = GND 
C L = 50 pF 
V js = 10Sq. 
Wave 

t f , tf = 20 ns 

VDD 

5 





20 

50 

ns 

10 





10 

25 

Capacitance; 

Input, Cj s 

Output, C os 
Feedthrough, Cj os 

Vdd=+ 5 

VcC = Vss=-5 





4 


pF 

- 

- 


- 

4 

- 

- 

- 

- 

- 

0.2 

- 

Control (Vq) 

Switch Threshold 
Voltage, Vjh 

Vi s <VDD,lis=10juA 
VDD-VsS = 15,1 0,5 

0.7min 

2.9max 

- 

- 

0.2min 

2.4max 

0.5min 

2.7 

1.5 

V 

Input Leakage 
Current,! | l max 

Vi s <V D D 

Vdd 

= 15 

±10-5 typ; ±1 max 

liA 

Crosstalk 
(Control Input 
to Signal Output) 

V C =10 (Sq.Wave) 
t r ,tf=20 ns IVqd 
R l_=10 k!2 |=10 


- 

- 

- 

50 


mV 

Turn-On 

Propagation Delay, 
tpdc 

V DD- V SS =1 ° 

v c = io 

(See Fig. 25) 
t r ,tf=20 ns 
C[_ = 15 pF 

R [_= 1 kS2 

Vdd 

5 





20 

40 

ns 

10 





10 

20 

Maximum 

Allowable Control 
Input Repetition 
Rate 

Vdd = 1°- 

v ss =gnd 

Rl=1 kil, 

Cl = 15 pF 
Vcc = 10(Sq.Wave) 
t r ,tf = 20 ns 

- 

- 


- 

10 

- 

MHz 

Av. Input 
Capacitance, C| 


- 

- 


- 

5 

- 

pF 


* Limit determined by minimum feasible leakage current measurement for automatic testing. 
A Symmetrical about 0 volts. 

• For all test conditions. 



92CS-IS072 


Fig. 7 — Typ. "ON" characteristics as a function of 
temp, for 1 of 4 switches with Vqq = + 5 V, 
V SS = -5V. 



Fig. 8 — Typ. feed thru vs. frequency - switch 
"OFF" 



INPUT SIGNAL FREQUENCY (f, s > — kHz 

9ZCS- 16080 

Fig.9 — Typical crosstalk between switch 
circuits in the same package. 



92CS- 16070 

Fig. 10 — Typical switch frequency response 
— switch "ON". 



ALL UNUSED TERMINALS 
ARE CONNECTED TO V S S 


92CS-276IO 

Fig. 11 - "OFF" switch input or output 
leakage current test circuit. 



ALL UNUSED TERMINALS ARE 
CONNECTED TO Vss 

92CS-276II 


Fig. 12 — Test circuit for square-wave 
response. 


396 










COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4016A Types 



SCALE: X - 0.2 ms/DIV V = 2.0V/DIV 
Vdd = Vc * +7.5V, Vss = -7.5V, Rl = lOKft 
Cl * 15 p F 

f|S= 1 KHz V|S = 5Vp-p 
DISTORTION = 0.2% 



SCALE: X = 0.2 ms/DIV Y = 2.0 V/DIV 

vdd * vc = +5 v, vss = -5 v, rl - ioka 

Cl= 15pF 

f|S= 1 KHz Vis = 5 V p p 
DISTORTION = 0.4 % 



SCALE: X = 0.2 ms/DIV Y = 2.0 V/DIV 
Vdd = VC = +2.5V. Vss = -2.5V, Rl * 10 K« 
C L =15 P F 

f IS = 1 KHz Vis= 5V p-p 
DISTORTION = 3 % 


92CS-276I2 


92CS-276I3 


92CS- 27614 


Fig 13 Typical sine wave response of V qq = 
+7.5 V, V S S = ~ 7 - 5 v - 


Fig 14 “ Typical sine wave response of Vqq = 
+5 V, V S S = -5 V. 


Fig. 15 — Typical sine wave response of Vqq = 
+2.5 V, V S S = - 2.5 V. 



SCALE: X= 100 ns DIV 
Y - 5.0 V DIV 


92CS-276I5 

Fig. 16 — Typical square wave response at 
V DD =V C = +15 V, V S s ” Gnd. 



SCALE: X = 100 ns/DI V 
Y = 5.0 V/DIV 


92CS-276I6 

Fig. 17 — Typical square wave response at Vqq = 
V C = +10 V, V S S = Gnd. 



SCALE: X = 100 ns/DIV 
Y = 2 V/DIV 


92CS- 27617 

Fig. 18 — Typical square wave response at Vqq 
= v c = +5 V, Vss = Gnd. 



ALL UNUSED TERMINALS ARE 
CONNECTED TO V SS 

92CS-27605 


Vos WITH TEST UNIT 
( 1 SWITCH OF CD4016A 
PLUGGED IN TEST 
FIXTURE) 


VOS FIXTURE ALONE 
(NO UNIT . . . TERM 
5 TO 3 OF SOCKET) 



V c = 10V PER DIV. 

VoS = 0.2V PER DIV. 
t = 100ns PER DIV. 

92CS-276I8 


( a) 


(b) 


Fig. 19 — Crosstalk-control input to signal output. 



v ss6 


ALL UNUSED TERMINALS 
ARE CONNECTED TO Vss 


Fig.20 — Propagation delay time signal input 
(Vis) to signal output (Vqs). 


v c 

t r »tf« 20 n* 




ALL UNUSED TERMINALS ARE 
CONNECTED TO Vss 


Fig. 21 — Max. allowable control-input 
repetition rate. 



92CS-2762I 


/ITCH THRESHOLD VOLTAGE IS DEFINED 
I THE VOLTAGE APPLIED TO A JRANS- 
SSION 6ATE CONTROL WHICH CALBES 
* nr TDtueuweiMl CiTF nRRFNT 


Fig. 22 — Switch threshold voltage. 


MEASURED ON BOONTON CAPACITANCE 
BRIDGE MODEL 75 A (I MHz) 



ALL UNUSED TERMINALS 
ARE CONNECTED TO Vss 


Fia.23 — Capacitance C/QS anc * CQS * 


397 













COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4017A Types 


COS/MOS Decade 
Counter/Divider 

Plus 10 Decoded Decimal Outputs 

The RCA-CD4017A consists of a 5-stage 
Johnson decade counter and an output de- 
coder which converts the Johnson binary 
code to a decimal number. Inputs include a 
CLOCK, a RESET, and a CLOCK INHIBIT 
signal. 

The decade counter is advanced one count at 
the positive clock signal transition If the 
CLOCK INHIBIT signal is low. Counter ad- 
vancement via the clock line is inhibited 
when the clock INHIBIT signal is high. A 
high reset signal clears the decade counter to 
its zero count. Use of the Johnson decade 


counter configuration permits high speed 
operation, 2-input decimal decode gating, 
and spike-free decoded outputs. Anti-lock 
gating is provided, thus assuring proper 
counting sequence. The 10 decoded outputs 
are normally low and go high only at their 
respective decimal time slot. Each decoded 
output remains high for one full clock cycle. 
A CARRY-OUT (CoUT) signal completes 
one cycle every 10 clock input cycles and is 
used to clock the succeeding decade directly 
in a multi-decade counting chain. 

The CD401 7A -Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 16-lead dual-in- 
line plastic package (E suffix), 16-lead 
ceramic flat package (K suffix), and in chip 
form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ) *• 

PACKAGE TYPES D, F, K, H -55 to +1 25° C 

PACKAGE TYPES E,Y -40 to + 85° C 

DC SUPPLY-VOLTAGE RANGE (V DD ) 

(Voltages referenced to Vgs Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T a = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to 100°C (PACKAGE TYPES D,F,K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) ... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265° C 



CD4017A 

FUNCTIONAL DIAGRAM 


Features: 

■ Synchronous decade counter plus 10 de- 

coded outputs 

■ Fully static operation 

■ Medium speed operation. . . 

... 5 MHz (typ.) at VqD — V SS = 10 V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 

at 15 V (full package-temperature range 
range) 

■ 1-V noise margin (full package-tempera- 

ture range) 

Applications: 

■ Decade counter/decimal decode display 

■ Frequency division 

■ Counter control/timers 

■ Divide by N counting 

N * 2 - 10 with one CD4017A and one 



one CD4001A 

N > 10 with multiple CD4017A's 
■ For further application information, see 
I CAN-61 66 "COS/MOS MSI Counter 
and Register Design & Applications" 


CLOCK 

RESET “\ 


CLOCK INHIBIT 

1 — V 

- 0 ” —7-1 

nrv 

/-n 

1 i — \ 

‘‘ 2 ” / 2 V / 2 \ 


/7\_ r 


jt\ 

m 


..9.. 


CARRY OUT 


I 


>.svr>n; 


Fig. 2 — Timing diagram. 
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LOAD CAPACITANCE ( C.) — pF 


LOAD CAPACITANCE (C L 1— pF 


SUPPLY VOLTS (V^o* 


Fig. 5 — Typical transition time vs. C[_ for 
decoded outputs. 


Fig. 6 — Typical transition time vs. Cf_ for 
carry output. 


Fig. 7 — Typical dock input frequency vs. Vqq. 


I0 6 AMBIENT TEMPERATURE (T A )«25»C 
INPUT t r * tf *20 n* 




Test performed with the following 
sequence of "Vs and "O's" at each switch. 

S2 S3 S-j S2 S3 


INPUT CLOCK FREQUENCY (f CL ) — kMi 


Fig. 8 — Typical dissipation characteristics. 


Fig. 9 — Quiescent device current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4017A Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

UNITS 

D, K, F, H PACKAGES 

E, Y PACKAGES 

v o 

(VI 

V IN 

(V) 

V DD 

(VI 

-55 

+25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current, l|_ Max. 


- 

5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

pA 

- 

- 

10 

10 

0.5 

10 

600 

100 

1 

100 

1400 


- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

V 0L 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 
v OH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 

Inputs Low, 

v nl 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

Vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin 

Inputs Low 

V NML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Outpu 

Curr 

N-Ch 

i d n 

Min 

Drive 

snt: 

annel (Sink) 

Decoded 

Outputs 

0.5 


5 

0.06 

0.1 

0.05 

0.035 

0.03 

0.1 

0.025 

0.02 

mA 

0.5 

- 

10 

0.12 

0.4 

0.1 

0.07 

0.085 

0.4 

0.07 

0.055 

Carry 

Output 

0.5 

- 

5 

0.185 

0.4 

0.15 

0.105 

0.095 

0.4 

0.08 

0.065 

0.5 

- 

10 

0.45 

1 

0.35 

0.25 

0.3 

1 

0.25 

0.2 

P-Ch 

'D p 

Min 

annel (Source) 

Decoded 

Outputs 

4.5 

_ 

5 

-0.0375 

-0.075 

-0.03 

-0.021 

-0.018 

-0.075 

-0.015 

-0.012 

9.5 

- 

10 

-0.12 

-0.2 

-0.1 

-0.07 

-0.085 

-0.2 

-0.07 

-0.055 

Carry 

Output 

4.5 

- 

5 

-0.185 

-0.4 

-0.15 

-0.105 

-0.095 

-0.4 

-0.08 

-0.065 

9.5 

- 

10 

-0.45 

-1 

-0.35 

-0.25 

-0.3 

-1 

-0.24 

-0.20 

Input Leakage 

Current, 

*IL' 'lH 

Ai 

ny Inp 

ut 

15 

±10'® Typ., +1 Max. 

pA 


V D0 

Vss 


T~ 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AND Vss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD OR V ss - 


92CS- 27402 


Fig. 10 — Input-leakage-current test circuit. 



Fig. 11 - Noise-immunity test circuit. 



Fig. 12 — Divide by N counter ( N ^ 10) with N 
decoded outputs. 


When the Nth decoded output is reached 
(Nth dock pulse) the S-R flip flop (con- 
structed from two NOR gates of the 
CD4001A) generates a reset pulse which 
clears the CD4017A to its zero count. At 
this time, if the Nth decoded output is 
greater than or equal to 6, the CoUT hne 
goes high to clock the next CD4017A 
counter section. The "0" decoded output 
also goes high at this time. Coincidence of 
the clock low and decoded "0” output low 
resets the S-R flip flop to enable the 
CD4017A. If the Nth decoded output is 
less than 6, the CquT line will not go high 
and, therefore, cannot be used. In this case 
"0" decoded output may be used to perform 
the clocking function for the next counter. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4017A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS 


At T^ = 25°C, Input t r ,tf = 20 ns. Cl - 15 pF, R l = 200 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E, Y 

PACKAGES 


V DD 

(V) 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

CLOCKED OPERATION 

Propagation Delay 
Time;tp HL t PLH 

Carry Out Line 


5 


350 

1000 


350 

1300 

ns 

10 

- 

125 

250 

- 

125 

300 

Decode Out Lines 


5 

- 

500 

1200 

- 

500 

1600 

10 

- 

200 

400 

- 

200 

500 

Transition Time; 

tTHL, tTLH 

Carry Out Line 


5 


100 

300 


100 

350 

ns 

10 

- 

50 

150 

- 

50 

200 

Decode Out Lines 


5 

- 

300 

900 

- 

300 

1200 

10 

- 

125 

350 

- 

125 

450 

Maximum Clock Input 
Frequency, f^L* 


5 

1 

2.5 

- 

0.6 

2.5 

- 

MHz 

10 

3 

5 

- 

2 

5 


Minimum Clock Pulse 
Width, tyy 


5 

- 

200 

500 

- 

200 

830 

ns 

10 

- 

100 

170 

- 

100 

250 

Clock Rise & Fall Time; 
t r CL, t f CL 


5 

- 

- 

15 

- 

- 

15 

ps 

10 

- 

- 

15 

- 

- 

15 

Minimum Clock Inhibit 
Data Set-Up Time, t<. 


5 

- 

175 

500 

- 

175 

700 

ns 

10 

- 

75 

200 

- 

75 

300 

! 

Average Input 

Capacitance, Cj 

Any Input 

- 

5 

- 

- 

5 

j 


pF 

RESET OPERATION 

Propagation Delay 

Time; tp|_| |_ 

To Carry Out Line 


5 


350 

1000 


350 

1300 

ns 

10 

- 

125 

250 

_ 

125 

300 

To Decode Out Lines 


5 

- 

450 

1200 

- 

450 

1600 

10 

- 

200 

400 

- 

200 

500 

Minimum Reset Pulse 
Width, t w 


5 

- 

200 

500 

- 

200 

830 

ns 

10 

- 

100 

165 

- 

100 

250 

Minimum Reset Removal 
Time 


5 

- 

300 

750 

- 

300 

1000 

ns 

10 


100 

225 

- 

100 

275 


•Measured with respect to carry output line 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4018A Types 


COS/MOS Presettable Divide-By-'N’ Counter 


The RCA-CD4018A types consist of 5 
Johnson-Counter stages, buffered Q outputs 
from each stage, and counter preset control 
gating. CLOCK, RESET, DATA, PRESET 
ENABLE, and 5 individual JAM inputs are 
provided. Divide by 10, 8, 6, 4, or 2 counter 
configuration^ caji be^ implemented by 
feeding the Q5, Q4, Q3, Q2, Q1 signals, 
respectively, back to the DATA input. 
Divide-by-9, 7, 5, or 3 counter configura- 
tions can be implemented by the use of a 
CD4Q11A gate package to properly gate the 
feedback connection to the DATA input. 


Divide-by functions greater than 10 can be 
achieved by use of multiple CD4018A 
units. The counter is advanced one count at 
the positive clock-signal transition. A high 
RESET signal clears the counter to an all- 
zero condition. A high PRESET-ENABLE 
signal allows information on the JAM inputs 
to preset the counter. Anti-lock gating is 
provided to assure the proper counting 
sequence. 

The CD4018A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 16-lead dual-in- 



CLOCK 

RESET 

PRESET 

Jam] 

Jam2 

Jam3 

Jam4 

Ja m 5 

Qi 

02 

03 

04 

05 


Ahhhhhhhhhhjhhhh^ 


m 


> DON'T CARE UNTIL “PRESET” GOES HIGH 


92SS-4I48R2 


Fig. 2 — Timing diagram. 



line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

Features: 

■ Medium speed operation .... 5 MHz (typ.) 

atV DD -V $s =10V 

■ Fully static operation 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 fjA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Applications: 


■ Fixed and programmable divide-by-10, 
9, 8, 7, 6, 5, 4, 3, 2 counters 

■ Fixed and programmable counters 
greater than 10 

■ Programmable decade counters 

■ Divide-by-"N" counters/frequency 
synthesizers 

■ Frequency division 

■ Counter control/timers 

EXTERNAL CONNECTIONS FOR DIVIDE 
BY 10. 9, 8, 7, 6, 5, 4, 3 OPERATION 

DIVIDE BY 10 
DIVIDE BY 8 
DIVIDE BY 6 
DIVIDE BY 4 
DIVIDE BY 2 


CONNECTED 
BACK TO 
"DATA" 


NO EXTERNAL 
COMPONENTS 
REQUIRED 


DIVIDE BY 9 

1/2 CD40IIA 



DIVIDE BY 7 

1/2 CD40IIA 



CONNECTED BACK TO "DATA" 
(SKIPS "ALL-lV STATE) 


CONNECTED BACK TO "DATA" 
(SKIPS "ALL-lV STATE) 


DIVIDE BY 5 

1/2 CD40IIA 



CONNECTED BACK TO "DATA* 
(SKIPS "ALL-Ps" STATE) 


DIVIDE BY 3 

1/2 CD40IIA 



CONNECTED BACK TO "DATA" 
(SKIPS "ALL-lV STATE) 


92CS- I707IR2 

Fig. 3 — External connections for divide by 10, 
9, 8, 7, -6, 5, 4, 3, 2 operation. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4018A Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65to+150°C 

operating-temperature RANGE (T a ) : 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V$s Terminal): —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T A = -40 to +60 °C (PACKAGE TYPES E,Y) 500 mW 

FOR T a = +60 to +85 °C (PACKAGE TYPES E,Y) ........ .Derate Linearly at 12 mW/°C to 200 mW 

FOR T A == -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, 

C L = 15 pF, R l = 200 k£2 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

D.F.K.H 

Packages 

E,Y 

Packages 


Vdd 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

CLOCKED OPERATION 

Propagation Delay Time; 
tPLH'tPHL 

To Qg Output 


5 

- 

350 

1000 

- 

350 

1300 

ns 

10 

— 

125 

250 

— 

125 

300 

To Other Outputs 


5 

— 

500 

1200 

- 

500 

1600 

10 

- 

200 

400 

- 

200 

500 

Transition Time; 
tTHUtTLH 

To Qg Output 


5 

— 

100 

300 

. 

100 

350 

ns 

10 

— 

50 

150 


50 

200 

To Other Outputs 


5 

- 

300 

900 

- 

300 

1200 

ns 

10 

- 

125 

350 

- 

125 

450 

Maximum Clock input 
Frequency, fQL 


5 

1 

2.5 

- 

0.6 

2.5 

- 

MHz 

10 

3 

5 

— 

2 

5 

— 

Min. Clock Pulse Width, 
% 


5 

— 

200 

500 


200 

830 

ns 

10 

— 

100 

170 


100 

250 

Clock Rise & Fall Time; 
t r CL, tfCL 


5 

- 

- 

15 


- 

15 

Ms 

10 

_ 

— 

15 

— 

— 

15 

Min. Data Input Set-Up 
Time, tg 


5 

— 

175 

500 

- 

175 

700 

ns 

10 

— 

75 

200 

— 

75 

300 

Average Input 
Capacitance, C| 

Any Input 

- 

5 

1 


- 

5 

- 

pF 

PRESET* OR RESET OPERATION 

Propagation Delay Time: 

tpLH' t PHL 

To Q 5 Output 


5 

- 

350 

1000 


350 

1300 

ns 

10 

- 

125 

250 

- 

125 

300 

To Other Outputs 


5 

- 

500 

1200 

- 

500 

1600 

10 

— 

200 

400 

— 

200 

500 

Min. Preset or Reset 

Pulse Width 
tw 


5 

_ 

200 

500 

- 

200 

830 

ns 

10 

— 

100 

165 

— 

100 

250 

Min. Preset or Reset 
Removal Time 


5 

- 

300 

750 

- 

300 

1000 

10 

- 

100 

225 

- 

100 

275 


* At PRESET ENABLE OR JAM Inputs. 



Fig. 4 — Typical propagation delay time vs. 

load capacitance for decoded outputs. 



Fig. 5 — Typical propagation delay time vs. 
load capacitance for Qq output. 



Fig. 6 - Typical transition time vs. load 
capacitance for decoded outputs. 



0 10 20 30 40 50 60 70 e0 

LOAD CAPACITANCE (C L ) — pF 

92CS-I7979RI 


Fig. 7 — Typical transition time vs. load 
capacitance for Q§ output. 


403 





COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4018A Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Q > 

> ~ 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E,Y 

Packages 

Min. 

Max. 


12221 

Supply-Voltage Range (For Ta = Full 
Package-Temperature Range) 

■ 


12 

B 

B 

V 

Data Setup Time, t$ 

5 

10 

I 

B 


B 

ns 

Clock Pulse Width, tyy 

5 

10 

500 

170 

B 

830 

250 

B 

ns 

Clock Input Frequency, fQL 

5 

10 

dc 

dc 

1 

3 

dc 

dc 

0.6 

2 

MHz 

Clock Rise and Fall Time, t r CL, tfCL 

5 

10 

B 

B 

B 

15 

15 

Ms 

Preset or Reset Pulse 

Width, t w 

5 

10 

500 

165 

■ 

830 

250 

■ 

ns 

Preset or Reset Removal Time 

5 

10 

750 

225 

- 

1000 

275 

— 

ns 



Fig. 8 — Typical maximum input dock 
frequency vs. supply voltage. 



Fig. 9 — Typical dissipation characteristics 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 


D,K,F,H packages 

E,Y Packages 

vo 

(V) 

V|N 

(V) 

VDD 

(V) 

-55 

+25 

+125 

—40 

| +25 

+85 


Typ. 

Limit 

Typ. 

Limit 


Quiescent Device 
Current lj_ Max. 

- 

- 

5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

pA 

- 

- 

10 

10 

0.5 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 

Low Level, 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity; 

Inputs Low, 

VNL 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

VNH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

VNML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

VNMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink) 

IpN Min. 

°5 

0.5 

- 

5 

0.18 

0.4 

0.15 

0.105 

0.095 

0.4 

0.08 

0.065 

mA 

0.5 

- 

10 

0.45 

1 

0.35 

0.25 

0.3 

1 

0.25 

0.2 

(3i,Q2 

Q 3 .Q 4 

0.5 

— 

5 

0.06 

0.1 

0.05 

0.035 

0.03 

0.1 

0.025 

0.02 

0.5 


10 

0.25 

0.4 

0.2 

0.14 

0.18 

0.4 

0.15 

0.12 

p-Channei 

(Source) 

IqP Min. 

5 5 

4.5 

- 

5 

-0.185 

-0.4 

-0.15 

-0.105 

-0.095 

-0.4 

-0.08 

-0.065 

9.5 

- 

10 

-0.45 

-1 

-0.35 

-0.25 

-0.3 

-1 

-0.25 

-0.2 

Qi.Q 2 

03,04 

4.5" 

- 

5 

-0.075 

-0.15 

-0.06 

-0.04 

-0.035 

-0.15 

-0.03 

-0.024 

9.5 

- 

10 

-0.25 

•0.4 

-0.2 

•0.14 

-0.18 

-0.4 

-0.15 

- 0.12 

Input Leakage 

Current, 
l|L, 1 1 H Max. 

An 

y Inp 

»ut 

15 

±10“® Typ., ±1 Max. 

pA 



Fig. 10 — Noise-immunity test circuit 



0 0 0 1 0 0 0 

0 0 0 0 0 0 0 

1 0 0 0 1 0 0 

0 0 0 0 0 1 0 

0 0 0 0 0 0 0 

Fig. 11 — Quiescent-device-current test circuit. 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 ANDVgs 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V 0D ** V SS' 


92CS-2740Z 

Fig. 12 — Input-leakage-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4019A Types 

COS/MOS Quad AND/OR Select Gate 

The RCA-CD4019A types are comprised of 
four AND/OR select gate configurations, 
each consisting of two 2-input AND gates 
driving a single 2-input OR gate. Selection 
is accomplished by control bits K a and Kfc>. 

In addition to selection of either channel A 
or channel B information, the control bits 
can be applied simultaneously to accomplish 
the logical A + B function. 

The CD4019A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 16-lead dual-in- 
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 



STOftAGE-TEMPERATURE RANGE (T stg ) -65to+150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E,Y _40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal): -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T A = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FOR T A = +60 to +85 C (PACKAGE TYPES E, Y) ..... .Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to + 1 00°C (PACKAGE TYPES D, F. K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V D p +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 i 1/32 inch (1 .59 iO.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

d,f,k,h 

Packages 

E,Y 

Packages 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (For Ta = Full 
Package-Temperature Range) 


3 

12 

3 

12 



Features: 

■ Medium-speed operation 

• ■ • fpHL “ l ?LH = 50 ns top*) at C L = 15 P f 

v DD = io\ 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Applications: 

■ AND-OR select gating 

■ Shif t-ri ght/sh if t-lef t registers 

■ True/complement selection 

■ AND/OR/Exclusive-OR selection 



Fig. 2 — Typical propagation delay time vs. 
load capacitance. 



V DD 




Fig. 1 — Schematic diagram for 1 of 4 identical stages. 


Fig. 3 — Typical transition time vs. load 
capacitance. 



Fig. 4 — Maximum propagation delay time vs. 
supply voltage. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4019A Types 

STATIC ELECTRICAL CHARACTERISTCS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,K,F,H Packai 

jes 

! E, Y Packages 

V 0 

(V) 

V| N 

(V) 

V DD 

(V) 

—55 

+25 

+125 

-40 

| +25 


Typ. 

Limit 

Typ. 

Limit 

+OD 

Quiescent Device 
Current, lj_ Max. 

— 

— 

5 

5 

0.03 

5 

300 

50 

0.1 

50 

700 

PA 

- 

- 

10 

10 

0.05 

10 

600 

100 

0.2 

100 

1400 

— 

— 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

VOL 

— 

5 

5 

0 Typ.; 0.05 Max. 

V 

— 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

— 

0 

5 

4.95 Min.; 5 Typ. 

— 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

vnl 

3.6 

— 

5 

1.5 Min.; 2.25 Typ. 

V 

7.2 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

VnH 

1.4 

- 

5 

1.5 Min.; 2.25 Typ. 

2.8 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 
VNML 

4.5 

— 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
VnMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink) 

IqN Min. 

0.5 

- 

5 

0.6 

0.9 

0.45 

0.3 

0.37 

1 

0.3 

0.23 

mA 

0.5 

- 

10 

0.9 

1.5 

0.75 

0.55 

0.8 

1.5 

0.65 

0.5 

p-Channel 
(Source) : 

IqP Min. 

4.5 

— 

5 

-0.31 

-0.5 

-0.25 

-0.175 

-0.145 

-0.5 

-0.12 

-0.095 

9.5 

- 

10 

-0.95 

-1.5 

-0.7 

-0.5 

-0.6 

-1.5 

-0.5 

-0.4 

Input Leakage 
Current, 

IlL. 'IH 

An 

y Inp 

ut 

15 

±10“ 1 5 Typ., ±1 Max. 

ma 



INPUT FREQUENCY (f*) — kHi 


92CS I7832RI 


Fig. 5 — Typical dissipation characteristics, 
(per output ). 


v oo 

INPUTS 


V* 


t 


92C3-2T40I 


Fig. 6 — Quiescent device-current test circuit. 


V DO' V NH 

<V- 

o 

Vnl 




NOTE 

f TEST ANY ONE INPUT, 

V S s WITH OTHER INPUTS AT 

92CS -27400 V D0 0 R V SS 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, C[_ = 15 pF, 

R L = 200 kli 





LIMITS 


CHARACTERISTIC 

TEST 

CONDITIONS 

D,F,K,H 

Packages 

E.Y 

Packages 

UNITS 



V DD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Propagation Delay 

Time; 

tPLH. tPHL 


5 

- 

100 

225 

- 

100 

300 



to 

- 

50 

100 

- 

50 

125 

ns 

Transition Time; 


5 

- 

100 

200 

- 

100 

275 


tTHL.tTLH 


10 

- 

40 

65 

- 

40 

80 

ns 

Average Input 

All A and B 

Inputs 

- 

5 

- 

- 

5 

- 

pF 

Capacitance, C| 

K a and K 
Inputs 

b 

- 

12 

_ 


12 

- 

PF 


Fig. 7 — Noise-immunity test circuit. 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 AND Vjjj- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V D0°" V SS 


92C5- 27402 


Fig. 8 — Input-leakage-current test circuit. 


406 _ 









COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4020A Types 


COS/MOS 

14-Stage Ripple-Carry 
Binary Counter/Divider 


The RCA-CD4020 consists of a PULSE 
INPUT shaping circuit, RESET line driver 
circuitry, and 14 ripple-carry binary counter 
stages. Buffered outputs are externally avail- 
able from stages 1 and 4 through 14. The 


counter is reset to its all-zeroes state by a 
high level on the RESET inverter input line. 
Each counter stage is a static master-slave 
flip-flop. The counter is advanced one count 
on the negative-going transition of each 
INPUT PULSE. 

The CD4020A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form 
.(H suffix). 



Features: 

■ Medium speed operation . . . 

7 MHz (typ.) at V DD -V SS = 10 V 

■ Low output impedance 

■ Common reset 

■ Fully static operation 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 


Applications: 

■ Frequency-dividing circuits 

■ Time-delay circuits 
W Counter control 

■ Counting functions 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -65 to +150° C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V SS Terminal) — 0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pp): 

FOR T a = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = —55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +1 25°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

v DD 

(V) 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E.Y 

Packages 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (For T A = Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Clock Pulse Width, tyy 

5 

335 

- 

500 

- 

ns 

10 

125 

- 

165 

- 

Clock Input Frequency, f 

5 

dc 

1.5 

dc 

1 

MHz 

10 

dc 

4 

dc 

3 

Clock Rise or Fall Time, t r CL, tfCL 

5 

— 

15 

— 

15 

MS 

10 

- 

15 

- 

15 

Reset Pulse Width, tyy 

5 

2500 

_ 

3000 

_ 

ns 

10 

475 

- 

550 

- 


INPUT 

PULSE 

SHAPER 




■w> 


MASTER 
| SECTION 


SLAVE 

SECTION 



~OQ| 




INPUTS TO 
2nd STAGE 


Q, 0UT*(0|)($)(R) 


*Al_L INPUTS are 
PROTECTED BY f v 

COS/MOS PROTECTION 
NETWORK 


■ R s HIGH DOMINATES (RESETS ALL STAGES) 

▲ ACTION OCCURS ON NEGATIVE GOING TRANSITION OF INPUT 
PULSE COUNTER ADVANCES ONE BINARY COUNT ON EACH 
NEGATIVE * TRANSITION (16,384 TOTAL BINARY COUNTS). 

Fig. 1— Logic diagram for 1 of 14 binary stages. 92 cm-i 6 oi 7 *i 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4020A Types 



STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,K,F,H Packages 

E, Y Packages 

v o 

(V) 

V|N 

(V) 

V DD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent 

Device 

Current, 

1^ Max. 





5 

15 

0.5 

15 

900 

50 

1 

50 

700 

mA 

- 

- 

10 

25 

1 

O 


■nn» 

2 

100 

1400 

— 

— 

H 



six 

m 

mi 


500 

5000 

Output 
Voltage : 
Low-Level, 

V OL 

1 


■ 

0 Typ.; 0.05 Max. 


- 

m 

mm 

0 Typ.; 0.05 Max. 

High-Level, 

v OH 

- 

0 


4.95 Min.; 5 Typ. 

- 

0 


9.95 Min.; 10 Typ. 

Noise 
Immunity : 
Inputs Low, 

Vnl 

4.2 


5 

1.5 Min.; 2.25 Typ. 


9 

- 


3 Min.; 4.5 Typ. 

Inputs High, 

Vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

HE! 

3 Min.; 4.5 Typ. 

Noise 

Margin : 
Inputs Low, 
V NML 

4.5 

■ 

■ 

1 Min. 

V 

9 

- 

mm 

1 Min. 

■ 

EH 

- 

5 

1 Min. 

EH 

- 

mm 

1 Min. 

Output 

Drive Cur- 
rent: 

N-Channel 

(Sink), 

1 qN Mi n. 


i 

i 


0.2 

0.075 

0.05 

0.09 

0.33 

0.08 

0.065 

mA 


- 

10 



0.15 

0.105 

0.16 



0.10 

P-Channel 

(Source) 

1 qP Min. 

4.5 



5 

-0.11 

-0.25 

-0.09 

-0.065 

-0.09 

-0.25 

-0.06 


9.5 

- 

El 



-0.20 

-0.14 



-0.15 

-0.12 

Input 

Leakage 

Current, 

1 1 L' 'lH 

A 

ny Inp 

H 

±10 5 Typ., ±1 Max. 




DRAIN - TO - SOURCE VOLTS ( V DS ) 

92CS-I78I3 


Fig. 3— Typical output n -channel drain charac- 
teristics. 



Fig. 4— Minimum output n-channel drain charac- 
teristics. 


DRAIN -TO -SOURCE VOLTS (VQg) 



Fig. 5— Typical output p-channel drain charac- 
teristics. 


DRAIN -TO- SOURCE VOLTS <V 0S ) 



Fig. 6 “— Minimum output p-channel drain charac- 
teristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4020A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r ,tf = 20 ns, 
C L = 15 pF, R L 200kft 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E,Y 

Packages 


Q — 
□ > 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Clocked Operation 

Propagation Delay 
Time,* 
tPLH' t PHL 


5 

_ 

450 

600 

_ 

450 

650 

ns 

10 

- 

150 

225 

- 

150 

250 

Transition Time, 

l THL' 'TLH 


5 

- 

450 

600 

- 

450 

650 

ns 

10 

- 

200 

300 

- 

200 

350 

Maximum Clock Input 
Frequency, f£j_ 


5 

1.5 

2.5 

- 

1 

2.5 

- 

MHz 

10 

4 

7 

- 

3 

7 

- 

Minimum Clock Pulse 
Width, tyy 


5 

- 

200 

335 

- 

200 

500 

ns 

10 

- 

70 

125 

- 

70 

165 

Clock Rise & Fall Time, 
t r CL, t f CL 


5 

— 

— 

15 

— 

— 

15 

Ms 

10 

- 

- 

15 

- 

- 

15 

Average Input 
Capacitance, Cj 

Any Input 

- 

- 

5 

- 

- 

5 

pF 

Reset Operation | 

Propagation Delay 
Time,* 

tPHL 


5 



2000 

3000 



2000 

3500 

ns 

10 

_ 

500 

775 

- 

500 

300 

Minimum Reset Pulse 
Width, 

1 w 


5 

_ 

1800 

2500 

_ 

1800 

3000 

ns 

10 

— 

300 

475 

— 

300 

550 


Propagation delay is from clock input to Q-j output. 



Fig. 9— Typical clock input frequency vs. V qq. 



Fig. 10— Typical dissipation characteristics. 



Fig. 7— Typical propagation delay time vs. C^. 



Fig. 8— Typical transition time vs. C/_. 



Fig. 1 1 — Quiescent-device-current test circuit. 


v dd" v nh 

V 

o 

Vnl 




NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 0D AN0V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v od orv ss 


92CS-2M02 


Fig. 12— Noise-immunity test circuit. 


Fig. 13— Input-leakage-current test circuit. 











COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4021A Types 

COS/MOS 8-Stage Static Shift Register 


Asynchronous Parallel Input/Serial Output, 
Synchronous Serial Input/Serial Output 

/ 

The RCA-CD4021A types are 8-stage paral- m 

lei or serial-input/serial-output shift registers 
having common CLOCK and PARALLEL/ 
SERIAL CONTROL inputs, a single SER- 
IAL DATA input, and individual parallel 
Jam inputs to each register stage. Each regis- 
ter stage is a D-type, master-slave flip-flop. 

Q outputs are available from the sixth, 
seventh, and eighth stages. B 

When the PARALLEL/SERIAL CONTROL 
input is low, data are serially shifted into 
the 8-stage register synchronously with the ) 

positive-going transition of the CLOCK j 

pulse. < 


Features: 

■ Asynchronous parallel or synchronous serial 
under control of parallel/serial control-input 

■ Individual JAM inputs to each register stage 

■ Master-slave flip-flop register stages 

■ Fully static operation DC to 5 MHz 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /iA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

When the PARALLEL/SERIAL CONTROL 
input is high, data are jammed into the 8- 
stage register via the parallel input lines asyn- 
chronously with the clock line. 

Register expansion is possible using addi- 


operation 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 


CHARACTERISTICS 


CONDITIONS 


(V) (V) (V) 


D, K, F, H PACKAGES 


E, Y PACKAGES 



TYP. LIMIT 


+125 -40 


TYP. LIMIT 


CD4021A 

FUNCTIONAL DIAGRAM 

tional CD4021A packages. 

The CD4021A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 16-lead dual-in- 
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

Applications: 

■ Parallel to serial data conversion 

■ Asynchronous parallel input/serial output 
data queueing 

■ General purpose register 


AMBIENT TEMPERATURE (T A )-25*Cj- 
LOAD CAPACITANCE (C, ) - 15 pF t 
































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4021A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A )\ 

PACKAGE TYPES D, F, K, H -55 to +1 25° C 

PACKAGE TYPES E,Y -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V$s Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T A = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T A = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) ... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 $ max. +265° C 




Fig. 3 — Typical transition time vs. 
toad capacitance. 



Fig. 4 — Typical dissipation 
characteristics. 


Fig. 5 — Logic diagram. 

RECOMMENDED OPERATING CONDITIONS at Ta =25°C, Except as Noted. 
For maximum reliability nominal operating conditions should be selected so that 


TRUTH TABLE 


CL A 

Serial 

Input 

Parallel/ 

Serial 

Control 

PI-1 

Pl-n 

Qi 

(Internal) 

Qn 

X 

X 

1 

0 

0 

0 

0 

X 

X 

1 

0 

1 

0 

1 

X 

X 

1 

1 

0 

1 

0 

X 

X 

1 

1 

1 

1 

1 

~r 

0 

0 

X 

X 

0 

<V1 


1 

0 

X 

X 

1 

Q n -1 

■\_ 

X 

0 

X 

X 

Ol 

Qn* 


* = LEVEL CHANGE X = DON T CARE CASE 


« 

NO CHANGE 92CS-17141R3 

Fig. 6 — Truth table. 


operation is always within the following ranges: 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 


E, Y 

PACKAGES 

MIN. 


MIN. 


Supply-Voltage Range (ForTA=Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Data Setup Time, ts 

5 

10 

350 

80 

-■ 

500 

100 

- 

ns 

Clock Pulse Width, tyy 

5 

10 

500 

175 

- 

830 

200 

- 

ns 

Clock Input Frequency, fcL 

5 

10 

dc 

dc 

1 

3 

dc 

dc 

0.6 

2.5 

MHz 

i 

Clock Rise and Fall Time, t r CL, tfCL* 

5 

10 

— 

15 

15 

- 

15 

15 

MS 


*lf more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4021A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at T a = 25° C, Input t r , tf = 20 ns , C[_ = 15 pF, /?/_ = 200 k£l 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E f Y 

PACKAGES 






MIN. 


MAX. 

MIN. 


MAX. 

Propagation Delay 
Time,** 
tPLH, tPHL 


B 

- 

300 

750 



1000 

ns 

ma 

H 

100 

225 

D 

300 

300 

Transition Time; 

^HL.tTLH 


5 

- 

150 

300 

- 

150 

400 

ns 

10 

- 

D 

125 

- 

D 

150 

Maximum Clock Input 
Frequency, fcL 


5 

1 



0.6 

m 

- 

MHz 

10 

3 

5 

- 

E 3 

5 

- 

Minimum Clock Pulse 
Width, t \ i\j 


5 

- 

200 

500 

B 

200 

830 

ns 


- 

100 

175 



200 

Clock Rise & Fall 

Time; t r CL & tfCL* 


5 

- 

- 

15 

- 

- 

15 

MS 



- 

15 

- 

- 

15 

Minimum Data Set 

Up Time, t$ 


5 

- 

100 

350 


100 

500 

B 

10 

- 

mu 

80 

- 

50 

100 

Minimum High-Level 
Parallel/Serial 

Control Pulse 

Width tyv 



■ 

mu 

500 

■ 

200 

830 


10 

■ 

100 

175 

■ 

mm 

200 

Input Capacitance C| 


- 


- 

n 

E 

- 

pF 


v co 



Fig. 7 — Noise-immunity test circuit. 


Test performed with the following sequence 
of "One's" and "Zero's". 

S 1 s 2 s 3 s 4 s 5 
0 0 10 0 
10 111 
10 10 1 
0 1111 
0 10 0 0 



Fig. 8 — Quiescent device current test circuit. 


*|f more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
**From Clock or Parallel/Serial Control Input 




NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 00 ANDV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V 0D °* V SS 


92CS-27402 


Fig. 9 - Input-leakage-current 
test circuit. 


Fig. 1 0 - One typical stage and its equivalent detailed circuit 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4022A Types 


COS/MOS Divide-By-8 

Counter/Divider 

With 8 Decoded Outputs 


The RC/WCD4022A types consist of a 4- 
stage divide-by-8 Johnson counter, associ- 
ate decode output gating and a CARRY- 
OUT BIT. The counter is cleared to its zero 
count by a high RESET signal. The counter 
is advanced on the positive CLOCK-signal 
transition provided the CLOCK INHIBIT 
signal is low. 

Use of the Johnson divide-by-8 counter 
configuration permits high-speed operation, 
2-input decode gating, and spike-free de- 
coder outputs. Anti-lock gating is provided, 
thus assuring proper counting sequence. The 
8 decode gating outputs are normally low 

MAXIMUM RATINGS, Absolute-Maximum Values: 


and go high only at their respective decoded 
time slot. Each decode gate output remains 
high for one full clock cycle. The CARRY- 
OUT signal completes one cycle every 8 
CLOCK- IN PUT cycles and is used as a 
ripple-carry signal to directly clock a suc- 
ceeding counter package in a multi-package 
counting system. 

The CD4022A-Series types are supplied 
in 16-lead hermetic dual-in-line ceramic 
packages (D, F, and Y suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


-65 to +150°C 

-55 to +125°C 
-40 to +85°C 

-0.5 to +15 V 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

100 mW 

—0.5 to Vqq +0.5 V 

+265°C 



o 

o 

> 




t' s 



14 


2 .. .Tl 


CLOCK 


"o 


CLOCK 13 


1 »!«. 


INHIBIT 




15 


3 .. „ 


RESET 


- “2" 




— "3" 

a 



II „ 4 „ 

0 




0 



"5" 

0 



" 6 " 




12_ -v; 




12 




CARRY 




OUT 



I 8 




v ss 

92CS- 25073RI 

CD4022A 



FUNCTIONAL DIAGRAM 


Features: 

■ Medium speed operation .... 5 MHz (typ.) at 

V DD ~ V SS = 10 V 

■ Divide by N counting; N - 2 to 8 with one 
CD4022A plus one CD4001A package 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 JUA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Applications: 

■ Binary counting/decoding 

■ Binary frequency division 

■ Binary counter control/timers 


STORAGE-TEMPERATURE RANGE (T stg ) 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPES E, Y 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal): 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T A = -40 to +60 °C (PACKAGE TYPES E,Y) 

FOR T A = +60 to +85 °C (PACKAGE TYPES E,Y) 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 

INPUT VOLTAGE RANGE, ALL INPUTS 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) from case for 10 s max 

RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E,Y 

Packages 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (For Ta - Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Clock Inhibit 

Setup Time, tg 

5 

10 

175 

75 

— 

175 

75 

— 

ns 

Clock Pulse Width, t^ 

5 

10 

500 

170 

— 

830 

250 


ns 

Clock Input Frequency, f 

5 

10 

dc 

dc 

1 

3 

dc 

dc 

0.6 

2 

MHz 

Clock Rise and Fall Time, t f CL, tfCL 

5 

10 

__ 

15 

15 

— 

15 

15 

Ms 

| Reset Pulse Width 

5 

10 

300 

150 



600 

300 

— 

ns 

Reset Removal Time 

5 

10 

752 

225 

— 

1000 

275 

— 

ns 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4022A Types 



CLOCK . 

RESET 

CLOCK 

INHIBIT 

"O" C 

M r 

" 2 " 

" 3 " 

" 4 " 

" 5 , 

" 6 '' 

" 7 " 

CARRY ■ 

OUT 


-TcTL 




rr\ v 

2 \ 

nr\ 


rs\ 

r*\ 

rr\ 

rs\ 

nrv 

r*\ 

m 



TERMINAL No-I6^V dd 
TERMINAL No 8 = GND 


3 92SS-4456R3 


*ALL INPUTS ARE f Vee 
PROTECTED BY ss 

COS/MOS PROTECTION 
NETWORK 


Fig. 1 — Logic diagram. 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,K.F,H Packages 

E f Y Packages 

Vo 

(V) 

V|N 

(V) 

VDD 

(V) 

-55 

+25 

— 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current \\_ Max. 

- 

- 

5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

pA 

- 

- 

10 

10 

0.5 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 

Low Level 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 

Inputs Low, 

VNL 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

_ 

10 

3 Min.; 4.5 Typ. 

Inputs High 

VNH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

VnML 

4.5 

— 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

VnMH 

0.5 

- 

5 

1 Min. 

1 ! 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink) 

IDN Min. 

Decoded 

Outputs 

0.5 

_ 

5 

0.062 

0.15 

0.05 

0.035 

0.03 

0.15 

0.025 

0.02 

mA 

0.5 

— 

10 

0.12 

0.3 

0.1 

0.07 

0.06 

0.3 

0.05 

0.04 

Carry 

Output 

0.5 

- 

5 

0.185 

0.5 

0.15 

0.105 

0.095 

0.5 

0.08 

0.065 

0.5 

- 

10 

0.375 

1 

0.3 

0.21 

0.155 

1 

0.13 

0.106 

p-Channel 
(Source): 
l D P Min. 

Decoded 

Outputs 

4.5 

— 

5 

-0.038 

-0.075 

-0.03 

-0.021 

-0.018 

-0.075 

-0.015 

-0.012 

9.5 

— 

10 

-0.12 

-0.15 

-0.1 

-0.07 

•0.06 

-0.15 

-0.05 

-0.04 

Carry 

Output 

4.5 


5 

-0.185 

-0.4 

•0.15 

-0.105 

-0.095 

*0.4 

•0.06 

-0.065 

9.5 

_ 

10 

-0.375 

-0.8 

-0.3 

-0.21 

-0.156 

•0.8 

-0.13 

-0.106 

Input Leakage 

Current, 

•lL' *IH 

An 

y Input 

- j 15 

±10- 5 Typ.. ±1 Max. 

pA 


Fig. 2— Timing diagram. 



LOAD CAPACITANCE (C L > — pF 82CS _ |70|8 

Fig. 3 - Typical propagation delay time vs. 

load capacitance for decoded outputs. 



LOAD CAPACITANCE (Cl) — P? 


Fig. 4 — Typical propagation delay time vs. 
load capacitance for carry output. 



Fig. 5 — Typical transition time vs. load 
capacitance for decoded outputs. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4022A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t, , tf = 20 ns, 

C L = 15 pF, R l = 200 k£2 


CHARACTERISTIC 


LIMITS 

UNITS 

TEST 

CONDITIONS 

D,F,K,H 

Packages. 

E.Y 

Packages 


Vdd 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

CLOCKED OPERATION 

Propagation Delay Time: 

tpHL'tPLH 

Carry-Out Line 


5 

— 

325 

1000 

— 

325 

300 

ns 


10 

- 

125 

250 

- 

125 

500 

Decode Out Lines 


5 

— 

400 

1200 

— 

400 

1600 

ns 


10 

- 

200 

400 

- 

200 

800 

Transition Time: 
tTHL.tTLH 

Carry-Out Line 


5 

- 

85 

300 

- 

85 

340 

ns 


10 

- 

50 

100 

— 

50 

200 

Decode-Out Lines 


5 

— 

300 

900 

— 

300 

1200 

ns 


10 

- 

125 

250 

— 

125 

500 

Min. Clock 

Pulse Width, tyy 


5 

- 

250 

500 

- 

250 

830 

ns 


10 

— 

85 

170 

— 

85 

250 

Clock Rise and 

Fall Time, 
trCL * tfCL 


5 

— 

— 

15 

— 

— 

15 

Ms 


10 

— 

— 

15 

— 

— 

15 

Min. Clock Inhibit 

Set-Up Time, 

l s 


5 


175 

350 


175 

700 

ns 


10 


75 

150 


75 

300 

Max. Clock Input 
Frequency, fcL* 


5 

1 

2.5 

_ 

0.6 

2.5 

— 

MHz 


10 

3 

5 

— 

2 

5 

— 

Input Capacitance, C| 

Any Input 

— 

5 

— 

— 

5 

— 

pF 

RESET OPERATION 

Propagation Delay Time: 
tPHL » tPLH 

Carry-Out Line 


5 

- 

300 

900 

- 

300 

1200 

ns 


10 

- 

125 

250 

- 

125 

500 

Decode-Out Line 


5 

- 

500 

1250 

— 

500 

2500 

ns 


10 

— 

200 

400 

_ 

200 

800 

Min. Reset Pulse 

Width, tyy 


5 

— 

150 

300 

— 

150 

600 

ns 


10 

- 

75 

150 

- 

75 

300 

Min. Reset 

Removal Time 


5 

— 

300 

752 

— 

300 

1000 

ns 


10 

- 

100 

225 

- 

100 

275 


* Measured with respect to carry output line 



Fig, 6 — Typical transition time vs. load 
capacitance for carry output. 



Fig. 7 — Typical dock input frequency vs. 
supply voltage . 



9ZCS-I7829R' 

Fig. 8 — Typical dissipation characteristics. 



v oo 




NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vq 0 AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

v dd orv ss . 


9ZCS Z740Z 


Fig. 10 — Noise-immunity test circuit 


Fig. 11 — Input-leakage-current test circuit 


Fig. 9 — Quiescent-device -current test circuit. 








COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4024A Types 

COS/MOS 7-Stage Binary Counter 


With Buffered Reset 
The RCA-CD4024A consists of an INPUT 
PULSE shaping circuit, RESET line driver 
circuitry, and seven binary counter stages. 
The counter is reset to "zero" by a high level 
on the RESET input. Each counter stage is a 
static master-slave flip-flop. The counter 
state is advanced one count on the negative- 
going transition of each INPUT PULSE. 

The CD4024A-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 14-lead dual-in- 
line plastic packages {E suffix), 14-lead 
ceramic flat packages (K suffix), 12-lead 
hermetic TO-5 packages (T suffix), and in 
chip form {H suffix). 

Applications: 

■ Frequency-dividing circuits 

■ Time-delay circuits 

■ Counter control 

■ D/A counter and switch on one chip 


MAXIMUM RATINGS, Absolute-Maximum Values: 




INPUT 1 


PULSES! 

R 


F/F- 

rQi! 


0 2 


■ 03 

F/F-2 


F/F-3 

R°2 


■ R°3 




04 

F/F-4 

R^4 


I 


°5 


R Q 5| 


°6 

F/F-6 

p0 6 


c_r 


V DD 

u 


°7| 

F/F-7 


INPUT I 
PULSES - 


2 

o 

RESET 


* all inputs are 
protected by 
COS/MOS protection 
NETWORK 




TERMINAL No 14 TO VqO 
TERMINAL No 7 TO VSS 

92CS * <90 74 Ri 



•2 q, 


11 02 


9 O3 






_3__ Q, 




Q« 

_JL_ Qt 


/ 


V SS 


NC* 8,10, 13 


Fig. 1 — Functional diagrams for CD4024AD, 
AE, AF, AK, AY. 
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COS/MOS PROTECTION 
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F/F-i 


F/F-2 


F/F-3 

F/F-4 


F/F-5 


F/F-6 


F/F-7 


R 

V 

R Qii 


' rQz 


R°3^ 

R^4 


R°5 


R°6 


' rQ7 

-J 


TERMINAL No 2 TO Vqd 
TERMINAL Mo 12 TO VSS 

92CS-'9075Ri 


- 02 

- 03 
* 04 

- 05 


VSS 

92CS -25052 


Fig. 2 — Functional diagrams for CD4024A T 


STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150 C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H, T -55to+125°C 

PACKAGE TYPES E,Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) : —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T A = -40 to +60 °C (PACKAGE TYPES E,Y) 500 mW 

FOR T A ~ +60 to +85 °C (PACKAGE TYPES E,Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K, T) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K, T) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges. 


Features: 

■ Medium-speed operation .... 

. . 7-MKz (typ.) input pulse rate at 

V DD-V S S = 10V 

■ Low high-and-low level output impedance 
. . 700^2 and 500£2 (typ.), respectively at 
V DD~ V SS = 10 v 

■ Fully static operation 

■ Common reset 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /iA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 




LIMITS 


CHARACTERISTIC 

VDD 

D,F,K,H,T 

E,Y 

UNITS 


(V) 

Packages 

Packages 



Min. 

Max. 

Min. 

Max. 


Supply-Voltage Range (For Ta = Full 



12 


12 


Package-Temperature Range) 


6 

0 

V 

Clock Pulse Width, tyy 

5 

330 

- 

500 

- 

ns 

10 

125 

— 

165 

— 

Clock Input Frequency, fQj_ 

5 

dc 

1.5 

dc 

1 

MHz 

10 

dc 

4 

dc 

3 

Clock Rise or Fall Time, t r CL, tfCL 

5 

15 

- 

15 

- 

Ms 

10 

15 

— 

15 

— 

Reset Pulse Width, t ^ 

5 

500 

- 

600 

- 

ns 

10 

300 

— 

350 

— 




DRAIN -TO- SOURCE VOLTS (V os ) 


Fig. 3 — Typical output n-channel drain 
characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4024A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,K,F,H,T Packages 

E, Y Packages 

Bf] 

IWl 

V|N 

(V) 

VDD 

(V) 

—55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current ,l|_ Max 

- 


5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

/zA 

- 

- 

10 

10 

0.5 

10 

600 

100 

1 

100 

1400 

— 

— 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

m 

10 

0 Typ.; 0.05 Max. 

High Level, 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

a 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

Vnl 

m 

— 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

— 

10 

3 Mjn.; 4.5 Typ. 

Inputs High, 
V|\IH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 


3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 
VNML 

m 

a 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
V|\IMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink), 
l D N Min. 

0.5 

“ 

5 

0.31 

0.5 

0.25 

0.175 

0.15 

0.5 

0.12 

0.095 

mA 

0.5 

- 

10 

0.62 

1 

0.5 

0.35 

0.31 

1 

0.25 

0.2 

p-Channel 

(Source) 

IpP Min. 

4.5 

- 

5 

-0.19 

-0.3 

-0.15 

-0.105 

-0.145 

-0.3 

-0.12 

-0.095 

9.5 

- 

10 

-0.45 

-0.7 

-0.35 

-0.25 

-0.31 

-0.7 

-0.25 

-0.2 

Input Leakage 
Current, 

•iL. 'IH 

An 

y !np 

ut 

15 

±10~ 5 Typ.;±1 Max. 

ma 


INPUT 



equations for stages ? TO 7 

°20UT * <0 2 XQlX*XR) ®SOUT 2 (S5 MO I HQ 2 XQ 3 ) (Q 4 X« MR ) 

O3 OUT 2 (0 3 X0i)(0 2 )(*)(R) O 40UT 2 (5i)(Oi)(0 2 X03X04X05X*)(R) 

°40UT 2 (0 4 XO|)(O 2 XO3X*»(R) OtOUT 2 (07X0|X0 2 XQ3X0 4 X0 5 X0 6 xixR) 

Fig. 7 — Logic block diagram f pulse shaper 
and 1 binary stage K 


DRAIN -TO -SOURCE VOLTS (V DS ) 



AMBIENT TEMPERATURE U a ).25*C 

TYPICAL TEMPERATURE COEFFICIENT FOR I 0 *-0.3%/ # C 


92CS-IT9J4 

Fig. 4 — Typical output p-channel drain 
characteristics. 



0 5 10 15 


DRAIN -TO-SOURCE VOLTS (V n , ) 

U5> 92CS- 19078 

Fig. 5 — Minimum output n-channe! drain 
characteristics. 


DRAIN -TO- SOURCE VOLTS ( V QS 1 



92CS-I9079 


Fig. 6 - Minimum output p-channel drain 
characteristics. 



0 10 20 30 AO SO 60 TO 80 90 


LOAD CAPACITANCE (C L >-pF 

92CS- 17810 

Fig. 8 — Typical propagation delay time vs. Cj_. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4024A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, 

C L = 15pF,R L = 200kft 


CHARACTERISTIC 


LIMITS 

UNITS 

TEST 

CONDITIONS 

D,F,K,H,T 

Packages 

E.Y 

Packages 


VDD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

</) INPUT OPERATION 

Propagation Delay Time;* 
tRLH-tPHL 


5 

- 

— 

175 

350 

- 

175 

400 

ns 

10 

- 

80 

125 

- 

80 

150 

Transition Time; 

*THL' *TLH 


5 

- 

175 

225 

- 

175 

250 

ns 

10 

- 

80 

125 

— 

80 

150 

Maximum Clock Input 
Frequency, f^L 


5 

1.5 

2.5 

- 

1 

2.5 

— 

MHz 

10 

4 

7 

- 

3 

7 

— 

Minimum Clock Pulse 
Width, t w 


5 

- 

200 

330 

- 

200 

500 

ns 

10 

- 

140 

125 

- 

140 

165 

Clock Rise & Fall Time; 
t r CL, tfCL 


5 

10 

_ 

— 

15 

15 

— 



15 

15 

Ms 

Average Input 
Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

pF 

RESET OPERATION 

Propagation Delay Time; 
T PLH' t phl 

5 

- 

500 

700 

- 

500 

800 

ns 

10 

- 

250 

350 

- 

250 

400 

Minimum Reset Pulse 
Width; tyy 

5 

- 

375 

500 

- 

375 

600 

ns 

10 

- 

200 

300 

- 

200 

350 


* Propagation delay time is from clock input to Q-j output. 




Fig. 12 — Quiescent-device-current test 


Fig. 13 — Noise-immunity test circuit. 


circuit. 




Fig. 10— Typical dissipation characteristics. 



Fig. 11 - Typical input pulse frequency vs. V Qfy 


CD4024AD, AK, AE, AF, AY 


INPUTS 

V DD 

MD* H 

Vss 


JL 


T~ 

v ss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

v D0 °R v ss 


CD4024AT 


o » 



92CS- 27684 


92 C S - 2 74 02 


Fig. 14 — Input-leakage-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4026A, CD4033A Types 


COS/MOS Decade Counters/Dividers 

With Decoded 7-Segment Display Outputs and: 

Display Enable — CD4026A 
Ripple Blanking — CD4033A 


The RCA— CD4026A and CD4033A each 
consist of a 5-stage Johnson decade counter 
and an output decoder which converts 
the Johnson code to a 7-segment decoded 
output for driving each stage in a numerical 
display. 

These devices are particularly advantageous 
in display applications where low power 
dissipation and/or low package count are 
important. 

Inputs common to both types are CLOCK, 
RESET, & CLOCK INHIBIT; common 
outputs are CARRY OUT and the seven 
decoded outputs (a, b, c, d, e, f, g). Addi- 
tional inputs and outputs for the CD4026A 
include DISPLAY ENABLE input and 
DISPLAY ENABLE and UNGATED "C- 
SEGMENT" outputs. Signals peculiar to the 
CD4033 are RIPPLE-BLANKING INPUT 
and LAMP TEST INPUT and a RIPPLE- 
BLANKING OUTPUT. 

A high RESET signal clears the decade 
counter to its zero count. The counter is 
advanced one count at the positive clock 
signal transistion if the CLOCK INHIBIT 
signal is low. Counter advancement via the 
clock line is inhibited when the CLOCK IN 
HI BIT signal is high. Antilock gating is 
provided on the Johnson counter, thus 
assuring proper counting sequence. The 
CARRY-OUT (C out ) signal completes one 
cycle every ten CLOCK INPUT cycles and is 
used to clock the succeeding decade directly 
in a multi-decade counting chain. 

The seven decoded outputs (a, b, c, d, e, f, g) 
illuminate the proper segments in a seven 
segment display device used for representing 
the decimal numbers 0 to 9. The 7-segment 
outputs go high on selection in the 
CD4033A; in the CD4026A theses outputs 
go high only when the DISPLAY ENABLE 
IN is high. 

CD4026A 


an easily readable display consistent with 
normal writing practice. For example, the 
number 0050.07000 in an eight digit display 
would be displayed as 50.07. Zero suppres- 
sion on the integer side is obtained by con- 
necting the RBI terminal of the CD4033A 
associated with the most significant digit in 
the display to a low-level voltage and con- 
necting the RBO terminal of that stage to 
the RBI terminal of the CD4033A in the 
next-lower significant position in the dis- 
play. This procedure is continued for each 
succeeding CD4033A on the integer side of 
the display. 

On the fraction side of the display the RBI 
of the CD4033A associated with the least 
significant bit is connected to a low level 
voltage and the RBO of that CD4033A is 
connected to the RBI terminal of the 
CD4033A in the next more-significant-bit 
position. Again, this procedure is continued 
for ail CD4033A's on the fraction side of the 
display. 

In a purely fractional number the zero 
immediately preceding the decimal point can 
be displayed by connecting the RBI of that 
stage to a high level voltage(instead of to the 
RBO of the next more-significant-stage). 
For Example: optional zero -*0.7346. 
Likewise, the zero in a number such as 763.0 
can be displayed by connecting the RBI of 
the CD4033A associated with it to a high- 
level voltage. 

Ripple blanking of non-significant zeros 
provides an appreciable savings in display 
power. 

The CD4033A has a LAMP TEST input 
which, when connected to a high-level volt- 
age, overrides normal decoder operation and 
enables a check to be made on possible 
display malfunctions by putting the seven 
outputs in the high state. 

The CD4026A- and CD4033A-Series types 
are supplied in 16-lead hermetic dual-in-line 


V D0 



CD4026A CD4033A 

FUNCTIONAL DIAGRAMS 


Features: 

■ Counter and 7-segment decoding in one packag 

■ Easily interfaced with 7-segment display types 

■ Fully static counter operation: 

DC to 2.5 MHz (typ.) 

■ Ideal for low-power displays 

■ Display Enable Output (CD4026A) 

■ "Ripple Blanking" and Lamp Test (CD4033A) 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 

1 fjA at 15 V (full package-temperature 
range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Applications: 

■ Decade counting/7-segment decimal 
display 

■ Frequency division/7-segment decimal 
displays 

■ Clock/watches/timers 

(e.g. -r 60, *r 60, -r 1 2 counter/display) 

■ Counter/display driver for meter 
applications 

ceramic packages (D, F, and Y suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 


When the DISPLAY ENABLE IN is low the 
seven decoded outputs are forced low re- 
gardless of the state of the counter. Acti- 
vation of the display only when required 
results in significant power savings. This 
system also facilitates implementation of 
display-character multiplexing. 

The CARRY OUT and UN GATED M C-SEG- 
MENT" signals are not gated by the DIS- 
PLAY ENABLE and therefore are available 
continuously. This feature is a requirement 
in implementation of certain divider func- 
tions such as divide-by-60 and divide-by-12. 

CD4033A 

The CD4033A has provisions for automatic 
blanking of the non-significant zeros in a 
multi-digit decimal number which results in 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150 °C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) : . .—0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T A = -40 to +60 °C (PACKAGE TYPES E,Y) 500 mW 

FOR T a = +60 to +85 °C (PACKAGE TYPES E,Y) .Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100 °C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1 .59 ±0.79 mm) from case for 10 s max 


+265 C 

419 




COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4026A, CD4033A Types 



COUNT 0 | I | 2 | 3 4 |5 

c l ~i n n n ri n r~ 


OISPLAY 
ENABLE IN 


S|7|8|9 °| I | 2 | 3 


Fig. 2 — CD4026A timing diagram. 
cLocKjnjnj-LrmjT/iJiJTJTj^^ 

RESET I 

CLOCK INHIBIT n 


cout<clq£:k -t-10) 


Fig. 1 — CD4026A logic diagram. 


LAMP TEST 


SEGMENT f|_gjb 

DESIGNATIONS e | |c 

-fW> , T 


{>5o CouT 

(CLOCK -f 10)^ 




* 1 . 

CLOCKo~~T>>-^( — \ 

-*CLOCK § 4 — s 

INHIBIT 2 

xresetM^H^ — 

3 

■X RBI o 


ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK. 


Fig. 3 — CD4033A logic diagram. 

DRAIN- TO- SOURCE VOLTS (Vod-VqhI 


::::::::::::::::::::::::::: 

Wi 




i 

B3iris5l!iEiv=:=: 



DRAIN -TO- SOURCE VOLTS < Vqo-Voh) 




Fig. 6 — Minimum and typical output p-channe! 

decoded drain characteristics @ Vqq=10 
& IS V. 


Fig. 7— Typical output p-channe! decoded 
drain characteristics as a function 
of temperature. 


0 I 23H5GT09 D I B H 5 GIBB 12 

Fig. 4 — CD4033A timing diagram. 92 SM- 4471 R 3 

DRAIN -TO -SOURCE VOLTS (Vpo " Vqh> 



SUPPLY VOLTS (V DD ) ■ 5 


— -j- — 1 current ■ 

9ZCS-I9063 

Fig. 5 — Minimum and typical output p-channe! 

decoded drain characteristics @ Vqq-3.5 
& 5 V. 


TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF V DO »0.3%/ # C 


LOAD CAPACITANCE IC L )~ pF 

92CS* 1906 

Fig. 8 — Typical propagation delay time vs. 
Ci for decoded outputs. 








COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4026A, CD4033A Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E.Y 

Packages 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (ForTA = Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Clock Inhibit 

Setup Time, tg 

5 

10 

500 

200 

- 

700 

300 

- 

ns 

Clock Pulse Width, tyy 

5 

10 

330 

170 

— 

500 

250 

_ 

ns 

Clock Input Frequency, fQ|_ 

5 

10 

dc 

dc 

1.5 

3 

dc 

dc 

1 

2 

MHz 

Clock Rise or Fall Time, t r CL, tfCL 

5 

10 

— 

15 

15 



15 

15 

Ms 

Reset Pulse Width, tyy 

5 

10 

330 

165 



550 

250 

- 

ns 

Reset Removal Time 

5 

10 

750 

225 

- 

1000 

275 

- 

ns 


STATIC ELECTRICAL CHARACTERISTICS 



Fig. 9 — Typical propagation delay time vs. 


C(_ for carry outputs. 



Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,K,F,H Packages 

E, Y Packages 

Vo 

(V) 

V|N 

(V) 

VDD 

(V) 

-55 

+25 

+125 

—40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current II Max. 

- 

- 

5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

MA 

- 

- 

10 

10 

0.5 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

VOL 

— 

5 

5 

0 Typ.; 0.05 Max. 

V 

— 

10 

10 

0 Typ.; 0.05 Max. 

High Level, 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 

Inputs Low, 

VNL 


— 

5 

1.5 Min.; 2.25 Typ. 

V 


— 

10 

3 Min.; 4.5 Typ. 

Inputs High, 

VnH 


- 

5 

1.5 Min.; 2.25 Typ. 



10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

Vnml 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

VnMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current 
n-Channel 
(Sink), 

IqN Min. 

Decoded 

Outputs 

0.5 

- 

5 

0.15 

0.24 

0.12 

0.09 

0.08 

0.24 

0.06 

0.05 

1 mA 

0.5 

- 

10 

0.32 

0.5 

0.25 

0.18 

0.15 

0.5 

0.12 

0.1 

Carry 

Output 

0.5 

- - 

5 

0.12 

0.4 

0.15 

0.1 

0.095 

0.4 

0.08 

0.06 

0.5 

- 

io 

0.45 

1 

0.35 

0.25 

0.3 

1 

0.25 

0.2 

p-Channel 

(Source), 

idP 

Min. 

Decoded 

Outputs 

4.5 

- 

5 

-0.21 

-0.28 

-0.14 

-0.1 

-0.09 

-0.28 

-0.07 

-0.06 

9.5 

- 

10 

-0.45 

-0.6 

-0.3 

-0.22 

-0.2 

-0.6 

-0.15 

-0.13 

Carry 

Output 

4.5 

- 

5 

-0.12 

-0.4 

-0.15 

-0.1 

-0.095 

-0.4 

-0.08 

-0.06 

9.5 

- 

10 

-0.45 

-1 

-0.35 

-0.25 

-0.3 

-1 

-0.24 

-0.2 

Input Leakage 

Current, 

•IL- IlH 

An 

iy Inp 

>ut 

15 

±10 _5 Typ„ ±1 Max. 

fiA 


Typical transition time vs. C{_ for 
decoded outputs. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4026A, CD4033A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, C L = 15 pF, 

R L = 200k$2 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E,Y 

Packages 


Vdd 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

CLOCKED OPERATION 


Propagation Delay Time; 
tPLH ,tpHL 

Carry Out Line 


5 

- 

350 

1000 

- 

350 

1300 

ns 

10 

- 

125 

250 

- 

125 

300 

Decode Out Lines 


5 

— 

600 

1700 

_ 

600 

2200 

ns 

10 

- 

250 

500 


250 

700 

Transition Time; 

*THL > t TLH 

Carry Out Line 


5 

- 

100 

300 


100 

350 

ns 

10 

- 

50 

150 




Decode Out Lines 


5 

_ 

300 

900 


300 

1200 

ns 

10 

- 

125 

350 

- 

125 

450 

Maximum Clock Input 
Frequency, fcL A 


5 

1.5 

2.5 

- 

1 

2.5 

- 

MHz 

10 

3 

5 

- 

2 

5 

- 

Min. Clock Pulse Width, 
t w 

5 

- 

200 

330 

- 

200 

500 

ns 

10 

- 

100 

170 



100 

250 

Clock Rise & Fall Time; 
t r CL, tfCL 


5 

10 

a 


a 

a 

a 

15 

15 

ps 

Min. Clock Inhibit Set 

Up Time, ts 


5 

— 

175 

500 

— 

175 

700 

ns 

10 

- 

75 

200 

- 

75 

300 

Average Input 
Capacitance, C| 

Any Input 

n 

5 

- 

- 

5 

- 

pF 

RESET OPERATION 

Propagation Delay Time: 
tPLHrtPHL 

To Carry Out Line 


5 

a 

350 

1000 

- 

350 

1300 

ns 

10 

- 

125 

250 

- 

125 

300 

To Decode Out Lines 


5 

- 

550 

1400 

- 

550 

1900 

ns 

10 

- 

240 

500 

— 

240 

600 

Min. Reset Pulse Width 


5 

- 

200 

330 

- 

200 

500 

ns 

10 

- 

100 

165 

— 

100 

250 

Min. Reset Removal 

Time 


5 

- 

300 

750 

- 

300 

rm 

ns 

10 

- 

100 

225 

- 

100 

275 


A Measured with respect to carry out line. 



Fig. 11 — Typical transition time vs. C[_ for 


carry output. 



Fig. 12 - Maximum input dock frequency vs. 
V DD- 



92CS-I7829RI 


Fig. 13 — Typical dissipation characteristics. 


Vdd 



92CS-2744I 

Fig. 14 — Noise immunity test circuit 


Fig. 15 — Quiescent-device-current test circuit. 


Fig. 16 — Input-leakage-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4027A Types 


COS/MOS Dual J-K Master-Slave Flip-Flop 


The RCA-CD4027A is a single monolithic 
chip integrated circuit containing two iden- 
tical complementary-symmetry J-K master- 
slave flip-flops. Each flip-flop has provisions 
for individual J, K f Set, Reset, and Clock in- 
put signals. Buffered Q and Q signals are 
provided as outputs. This input-output ar- 
rangement provides for compatible opera- 
tion with the RCA-CD4013A dual D-type 
flip-flop. 


The CD4027A is useful in performing con- 
trol, register, and toggle functions. Logic 
levels present at the J and K inputs along 
with internal self-steering control the state 
of each flip-flop; changes in the flip-flop 
state are synchronous with the positive-going 
transition of the clock pulse. Set and reset 
functions are independent of the clock and 
are initiated when a high level signal is pres- 
ent at either the Set or Reset input. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPES E, Y -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V 55 Terminal): -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pp): 

FOR T a = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F,K). . . . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FORT A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265° C 


RECOMMENDED OPERATING CONDITIONS at T A =2?C, Except as Noted. 
For maximum reliability , nominal operating conditions should be selected so that 
operation is always within the following ranges. 


CHARACTERISTIC 

V DD 

<V) 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E, Y 

PACKAGES 

MIN. 

MAX. 

MIN. 

MAX. 

Supply-Voltage Range (ForT^= Ful| 


3 

12 

3 

12 

V 

Package-Temperature Range) 








5 

150 


200 



Data Setup Time, tg 

10 

50 

- 

75 

- 

ns 


5 

330 


500 



Clock Pulse Width, t w 

10 

110 

- 

165 

- 

ns 

Clock Input Frequency (Toggle 

5 

dc 

1.5 

dc 

1 

MHz 

Mode) fQL 

10 


4.5 


3 



5 


15 


15 


Clock Rise or Fall Time, t r CL,* t^CL 

10 

- 

5 

- 

5 

MS 


5 

200 


300 



Set or Reset Pulse Width, t^ 

10 

80 

- 

120 

- 

ns 


Ji— 
K, — 
CLOCK | — 
RESET,— 
SET 2 — 


reset 2 - 


-02 

- 0 2 


♦vss 

92CS-I7IS7! 


CD4027A 
FUNCTIONAL DIAGRAM 


The CD4027A types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, 
F, and Y suffixes), 16-lead dual-in-line plas- 
tic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

Features: 

■ Set-Reset capability 

■ Static flip-flop operation-retains state 

indefinitely with clock level either 

"high" or "low" 

■ Medium-speed operation-10 MHz (typ.) 

clock toggle rate at 10V 

■ Quiescent current specified to 15V 

■ Maximum input leakage of 1 pA at 15 V 

(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 

ture range) 

Applications 

■ Registers, counters, control circuits 



Fig. 1 — Typical n-channel drain characteristics. 


*lf more than one unit is cascaded in a parallel clocked operation, tCL should be made less than or equal to 
the sum of the fixed propagation delay time at 15 pF and the transition time of the output driving stage 
for the estimated capacitive load. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4027A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at T a = 25*C, Input t f , fy = 20 ns, C L = 15 pF, R{_ = 200 k£l 






LIMITS 




CHARACTERISTIC 

V DD 

(V) 

D, F f K, H 
PACKAGES 

E # Y 

PACKAGES 

UNITS 


MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


Propagation Delay 









Time: Clock to Q 

5 

_ 

150 

300 

_ 

150 

400 


or Q Outputs 

10 


75 

110 


75 

150 

ns 

tPHL. tPLH 




Set to Q or Reset to Q, 

5 

- 

175 

225 


175 

350 


l PLH 

10 

- 

75 

110 


75 

150 

ns 

Set to Q or Reset to Q, 

5 

- 

175 

225 

- 

175 

350 


t PHL 

10 


75 

110 

- 

75 

150 

ns 

Transition Time 

5 

- 

75 

125 

- 

75 

250 


tTHL.tTLH 

10 

- 

50 

70 

- 

50 

140 

ns 

Maximum Clock Input 

5 

1.5 

3 

- 

1 

3 

- 

MHz 

Frequency (Toggle 

10 

4.5 

8 

- 

3 

8 

- 

Mode)fQ|_ 









Minimum Clock Pulse 

5 

- 

165 

330 

- 

165 

500 


Width, t w 

10 

- 

65 

110 

- 

65 

165 

ns 

Minimum Set or 

5 

- 

125 

200 


125 

300 


Reset Pulse Width, 

10 

_ 

50 

80 

j 

50 

120 

ns 

% 


j 







Minimum Data Setup 

5 

- 

70 

150 

- 

70 

200 


Time, tg 

10 

- 

25 

50 

- 

25 

75 

ns 

Clock Rise or Fall 

5 

- 

- 

15 

- 

- 

15 


Time ' t rCL- *fCL 

10 

- 

- 

5 

- 

- 

5 

us 

Average Input 

Capacitance/ Cj 

Any 

Input 

- 

5 

- 

- 

5 

- 

pF 



Fig. 7 — Typical transition time vs. C^. 



Fig. 8 — Typical maximum dock input frequency 
vs. supply voltage. 



Fig. 9 — Typical dissipation characteristics. 


V DO 



NOTE 


MEASURE INPUTS 
SEQUENTIALLY. 

TO both v dd anov ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V 0D V SS 


92CS- 27402 


V DO 



TEST ANY ONE INPUT, V SS 
WITH OTHER INPUTS AT 
V D0 OR Vss 


v oo 



Fig. 11 — Input leakage current test circuit. 


Fig. 10 - Noise immunity test circuit . 


Fig. 12 — Quiescent device current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4028A Types 
COS/MOS 

BCD-to-Decimal Decoder 


The RCA-CD4028A types are BCD-to- 
decimal or binary-to-octal decoders consist- 
ing of pulse-shaping circuits on all 4 inputs, 
decoding-logic gates, and 10 output buffers. 
A BCD code applied to the four inputs, A to 
D, results in a high level at the selected one 
of 10 decimal decoded outputs. Similarly, a 
3-bit binary code applied to inputs A 
through C is decoded in octal code at output 
0 to 7. A high-level signal at the D input 
inhibits octal decoding and causes outputs 
0 through 7 to go low. If unused, the D 


input must be connected to VsS- High drive 
capability is provided at all outputs to en- 
hance dc and dynamic performance in high 
fan-out applications. 

The CD4028A-Series types are supplied in 
1 6-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 16-lead dual-in- 
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T^g) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages references to Vgs Terminal) . -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T A = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D,F,K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) ... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -06 to V D D +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability , nominal operating conditions should be selected so that 
operation is always within the following ranges: 




LIMITS 


CHARACTERISTIC 

VDD 

(V) 

D, F, K, H 
PACKAGES 

E, Y 

PACKAGES 

UNITS 



MIN. 

MAX. 

MIN. 

MAX. 


Supply-Voltage Range (For T A =Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 


9 10 19 20 


DRAIN- TO- SOURCE VOLTS <V D0 ) 

92CS-I9098RI 


DRAIN -TO- SOURCE VOLTS <V 0S ) 




Fig. 1 — Typical output n-channel drain 
characteristics. 


Fig. 2 — Typical output p-channei drain 
characteristics. 


V DD 



CD4028A 

FUNCTIONAL DIAGRAM 


Features: 

■ BCD-to-decimal decoding or binary-to-octal 
decoding 

■ High decoded output drive capability. . . 

... 8 mA (typ.) sink or source 

* “Positive logic" inputs and outputs. . . 

. . decoded outputs go high on selection 

■ Medium-speed operation . . . 

■ • • *THL. tTLH = 30 ns (typ.) @ VpD = 10 V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 pA 
at 1 5 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 


Applications: 

■ Code conversion 

■ Address decbding— memory selection 
control 

■ Indicator- tube decoder 



92CS-I9IOO 


Fig. 3 — Typical propagation delay time 
vs. Cj_. 
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CD4028A Types 


COS/MOS DIGITAL INTEGRATED CIRCUITS 




Hmimis 


TABLE I - TRUTH TABLE 

DCBA01 2 3456789 

0 0 0 0 1 000000000 
00010100000000 
00100010000000 
001 10001000000 
01000000100000 
01 010000010000 
01 100000001000 
01 1 10000000100 
10000000000010 
10010000000001 

1 0 1 0 0000000010 
101 10000000001 
1 10000000000 10 





■■■■BaaBBBBPfl 

a a 

MBBaaaaaa r .*Bai 


■aaaaaaaaaaap <aiBHBBaina*fnaaaa 

liiaaiiH»'tfiaiiiaiBBBaH»*rr£raaoB 

■■BBBB*^pBBaaaBaBP-'r=-_aBBaaBaaaaflBB| 

■■■■L«aaB>*'r.a«aBBBBBaaaBBBBBBaaaaV 

■■■'■■...«aBBBBaaaaBBBBBBBBBBaaBBBaaBB 


20 40 «0 80 100 120 140 WO 

UMD CAPACITANCE»C L ) — pF 

92CS-I9I0I 

Fig. 5 — Typical transition time vs. C{_. 


AMBIENT TEMPERATURE (T A >-ZS* *C 
LOAD CAPACITANCE (C L > ■ IS pF 


SUPPLY VOLTSIVdd* 92CS-I9I02R 

Fig. 6 — Maximum propagation delay time vs. 
VDD- 

cT ; v 0 q = io v ' 1 

• C„ (ALL OUTPUTS) =5 pF 


Fig. 7 — Dissipation vs. input frequency . 






































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4028A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at Ta = 25° C, Input t r , tf = 20 ns. Cl = 15 pF,Rl= 200 kSl 


CHARACTERISTIC 


LIMITS 

UNITS 

1 col 

CONDITIONS 

D, F, K, H 
PACKAGES 

E,Y 

PACKAGES 


VdD 

(V) 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Propagation Delay 

Time; 

tPLHr tPHL 


5 

_ 

250 

480 



250 

700 

ns 

10 

- 

100 

180 

- 

100 

290 

Transition Time; 
ITHL.tTLH 


5 

_ 

60 

150 

- 

60 

300 

ns 

10 

- 

30 

75 

- 

30 

150 

Average 1 nput 
Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

pF 


INPUTS 



0 12 3 4 5 6 7 


9 10 I M2 13 14 15 


92CS - .7293R2 


Fig. 8 — Code conversion circuit. 


The circuit shown in Fig. 9 converts any 4- 
bit code to a decimal or hexadecimal code. 
Table 2 shows a number of codes and the 
decimal or hexadecimal number in these 
codes which must be applied to the input 
terminals of the CD4028A to select a partic- 
ular output. For example: in order to get a 
high on output No. 8 the input must be 
either an 8 expressed in 4-Bit Binary code, a 
15 expressed in 4-Bit Gray code, or a 5 ex- 
pressed in Excess-3 code. 


V T 



a (Trademark) Burroughs Corp. 92 cs-i 729 sri 


TUBE REQUIREMENTS: 


Type 

V T (Vdcl 

mA/num«ral 

Burroughs B40B1 

170 

1.4 

B4336/718 

170 

2 

84032 

170 

1.4 

B4021 

[ 120 

1.4 


TRANSISTOR CHARACTERISTICS: 
Leakage with transistor cutoff <. 0.05 mA 
v IBR)CE0 ^ 70V 


Fig. 9 — Neon readout (Nixie Tube A ) 
display application. 



Fig. 10 — Quiescent-device-current 
test circuit. 


TABLE II - CODE CONVERSION CHART 


INPUTS 

INPUT CODES 

OUTPUT NUMBER 

Hexa_ 

Decimal 

Decimal 

4-BIT 

BINARY 

4-BIT 

GRAY 

EXCESS-3 

EXCESS-3 

GRAY 

2 

UJ 

< 

4-2-2-1 

D 

c 

B 

A 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1011 12131415 

0 

0 

0 

0 

0 

0 



0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 



1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 

3 


0 

2 

2 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

3 

2 

0 

3 

3 


0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

4 

7 

1 

4 

4 


0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

5 

6 

2 



3 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

6 

4 

3 

1 


4 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

7 

5 

4 

2 



0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

8 

15 

5 




0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

9 

14 

6 



5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

— 

0 

10 

12 

7 

9 


6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

T 

0 


T 

11 

13 

8 


T 


o' 

~0 

0 

T 

"o’ 

0 

"o" 

T 

0 

"o’ 

0 

1 

0 

0 

0 

0 

T 

1 

~0 

"o 

12 

8 

9 

5 

~6 


o’ 

"o’ 

T 

"o’ 

"o' 

"o" 

"o" 

T 

T 

"o’ 

T 

"o' 

T 

"o’ 

~Q 

"o’ 

1 

1 

0 

"T 

13 

9 


__ 

T 

T 

0~ 

~0 

"o’ 

~0 

"o’ 

"o" 

~Q 

T 

IT 

IT 

“o' 

"o' 

T 

T 

T 

0 

T 

1 

1 

~0 

14 

11 


_L, 

~8 

~8 

0 

0 

0 

0 

"o’ 

T 

"o" 

"o’ 

IT 

"o’ 

T 

0 

T 

T 

1 

T 

T 

T 

1 

1 

15 

10 



~9 

9 

o’ 

0 

0 

~0 

"o’ 

"o" 

"o’ 

T 

"o" 

T 

~0 

‘o' 

T 

T 

~0 

T 



Fig. 11— Noise-immunity test circuit. 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VdoORVjs 


92CS- 27402 


Fig. 12 — Input-leakage-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4029A Types 

COS/MOS Presettable Up/Down Counter 

Binary or BCD-Decade 


The RCA-CD4029A consists of a four-stage 
binary or BCD-decade up/down counter with 
provisions for look-ahead carry in both 
counting modes. The inputs consist of a 
single CLOCK, CARRY-IN (CLOCK INHI- 
BIT), BINARY/DECADE, UP/DOWN, PRE- 
SET ENABLE, and four individual JAM sig- 
nals and a CARRY OUT signal are provided 
as outputs. 

A high PRESET ENABLE signal allows 
information on the JAM INPUTS to preset 
the counter to any state asynchronously with 
the clock. A low on each JAM line, when the 
PRESET-ENABLE signal is high, resets the 
counter to its zero count. The counter is 
advanced one count at the positive transition 
of the clock when the CARRY-IN and PRE- 
SET ENABLE signals are low. Advancement 
is inh'bited when the CARRY-IN or PRESET 
ENABLE signals are high. The CARRY-OUT 
signal is normally high and goes low when 
the counter reaches its maximum count in 
the UP mode or the minimum count in the 
DOWN mode provided the CARRY-IN sig- 
nal is low. The CARRY-IN signal in the low 
state can thus be considered a CLOCK 
INHIBIT. The CARRY-IN terminal must be 
connected to V 55 when not in use. 

Binary counting is accomplished when the 
BINARY/DECADE input is high; the counter 
counts in the decade mode when the BI- 
NARY/DECADE input is low. The counter 
counts Up when the UP/DOWN INPUT is 
high, and Down when the UP/DOWN INPUT 


Features: 

■ Medium speed operation ... 5 MHz (typ.) 

@ C|_=15 pF and Vpp— Vgg=10 V 

■ Multi-package parallel clocking for synchronous 
high speed output response or ripple clocking 
for slow clock input rise and fall times 

■ "Preset Enable" and individual "Jam" inputs provided 

■ Binary or decade up/down counting 

■ BCD outputs in decade mode 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package- 
temperature range) 


Applications: 

■ Programmable binary and decade 
counting/frequency synthesizers-BCD output 

■ Analog to digital and digital to 
analog conversion 

■ Up/Down binary counting 

■ Magnitude and sign generation 

■ Up/Down decade counting 

■ Difference counting 

is low. Multiple packages can be connected 
in either a parallel-clocking or a ripple- 
clocking arrangement. 

Parallel clocking provides synchronous con- 
trol and hence faster response from all 
counting outputs. Ripple-clocking allows for 
longer clock input rise and fall times. 

The CD4029A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 16-lead dual-in- 
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


RECOMMENDED OPERATING CONDITIONS at T A =25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

d,f,k,h 

Packages 

E,Y 

Packages 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (For T A =Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Setup Time, tg* 

5 

10 

650 

230 

— 

1300 

460 

— 

ns 

Clock Pulse Width, tyy 

5 

10 

340 

170 

- 

500 

250 

- 

ns 

Clock Input Frequency, f q 

5 

10 

dc 

dc 

1.5 

3 

dc 

dc 

1 

2 

MHz 

Clock Rise or Fall Time, t r CL,tfCL** 

5 

10 

— 

15 

15 

— 

15 

15 

Ms 

Preset Enable Pulse Width, tyy 

5 

10 

330 

160 

— 

660 

320 

— 

ns 


From Up/Down, Binary/Decode, Carry In, or Preset Enable Control Inputs to Clock Edge. 
*lf more than one unit is cascaded in the parallel clocked application, t f CL should be made 
less than or equal to the sum of the fixed propagation delay at 15 pF and the transition 
time of the carry output driving stage for the estimated capacitive load. 


PRESET 
ENABLE - 


JAM 

INPUTS V DD 


12 3 4 

4U13I3I 


INHIBIT) 5^ 
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Fig. 1— Typical propagation delay time vs. 
for Q outputs. 
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Fig. 2— Typical propagation delay time vs. 
Cf_ for carry output. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4029A Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D,F,K,H -55 to +125 °C 

PACKAGE TYPES E,Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal) —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pp): 

FOR T a =-40 to +60° C (PACKAGE TYPES E,Y) 500 mW 

FOR T a =+60 to +85°C (PACKAGE TYPES E,Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A =-55 to +100°C (PACKAGE TYPES D,F,K) 500 mW 

FOR T A =+100 to +125°C (PACKAGE TYPES D,F,K). Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

FOR T a =FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A *25°C, Input t r# tf=20 ns, 
C L =15 pF, R l =200 k 12 


CHARACTERISTIC 

TEST 

LIMITS 


CONE 

JITIONS 

V DD 

(V) 

D,F,K,H 

Packages 

E,Y 

Packages 



Clocked Operation 

Propagation Delay Time: 

l PHL- l PLH 

Q Outputs 

■ 



325 

650 


325 

1300 


10 

- 

DEI 


- 

DEI 

460 

Carry Output 


5 

- 

e m 


— 

425 

1700 

10 

— 

150 

300 

. — 

150 

600 

Transition Time: 

tTHL- t TLH 

Q Outputs 

■ 



100 

200 


100 

400 


10 

- 

l?il 

■uiil 

- 

EH 

200 

Carry Output 


5 

- 

200 

400 

_ 

200 

800 

10 

- 

100 

200 

- 

100 

400 

Minimum Clock Pulse 
Width, tyy 


5 

- 

200 

340 

- 

200 

500 


10 

- 

100 

170 

- 

100 

250 

Clock Rise & Fall Time, 
t r CL, t f CL** 


5 

_ 

_ 

■a 

_ 

— 

15 


10 

- 

- 

15 

- 

- 

15 

Minimum Setup Times, 

* * 
l s 

■ 

5 

- 

325 

650 

_ 

tm 

1300 


10 

- 

115 

230 

- 

115 

460 

Maximum Clock Input 
Frequency, f qj_ 


5 

m 

B3 

- 

i 


- 


10 

3 

5 

- 

ES 

5 

- 

Input Capacitance, Cj 


- 

5 

- 

- 

5 

- 


| Preset Enable | 

Propagation Delay Time: 

l PH L- *PLH 

Q Outputs 

■ 

5 

■ 


■ 

■ 

325 

1300 


10 

- 

nEi 

ESI 

- 

iiEi 

460 

Carry Output 


5 

- 

EE3 

■;w 

— 

EES 

WZiTil 

10 

- 

150 

300 

— 

150 

600 

Minimum Preset Enable 
Pulse Width, t yy 


5 

- 

na 


— 

IB3 

BskitH 




80 

160 

- 

80 

320 

Minimum Preset Enable 

Removal Time 


5 

- 

325 

650 

- 




10 

- 

115 

230 

- 

WtTi 

| 460 

| Carry Input | 

Propagation Delay Time: 

tPHL- t PLH 

Carry Output 

■ 

m 

■ 

175 

350 


175 

700 



- 

50 

100 

- 

50 

200 


For footnotes, see Recommended Operating Conditions. 



92CS-I9I08 


Fig. 4 — Typical transition time vs. Cj_ 
for carry output. 



SUPPLY VOLTS «V 00 ) 

92CS- 19109 

Fig. 5— Maximum clock input frequency 
vs. V DD . 



Fig. 6— Quiescent-device-current 
test circuit. 


v oo 



Voo ORVss 


Fig. 7— Noise-immunity test circuit. 


V D0 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 AN0V SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD °* V SS 



92CS-27402 


Fig. 8— Input-leakage-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4029A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditic 


Limits at Indicated Temperatures (°C) 

Units 

ns 

D,K,F,H Packages j 

E,Y Packages \ 


Vo 

(V) 

V|N 

(V) 

V DD 

(V) 

-55 

+25 | 

+125 

-40 

+25 | 

+85 


Typ. 

Limit 


Typ. 

Limit 

Quiescent 

Device 

Current, 

1 l Max. 

_ 


5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

ma 

- 

- 

10 

10 

0.5 

10 

600 

100 

1 

100 

1400 

— 

— 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output 

Voltage: 

Low-Level, 

v OL 


5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High-Levei, 

v OH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise 
Immunity : 
Inputs Low, 

Vnl 

4.2 


5 

1 .5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High, 

Vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise 

Margin: 
Inputs Low, 
V NML 

4.5 


5 

1 Min. 

V 

9 


10 

1 Min. 

Inputs High, 
V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output 

Drive Cur- 
rent: 

N-Channel 
(Sink), l D N 
Min. 

Q Outputs 

0.5 


5 

0.5 

0.8 

0.4 

0.28 

0.24 

0.8 

0.2 

0.16 

mA 

0.5 

- 

10 

0.74 

1.2 

0.6 

0.42 

0.36 

1.2 

0.3 

0.24 

Carry Out- 
put 

0.5 

- 

5 

0.1 

0.16 

0.08 

0.06 

0.05 

0.16 

0.04 

0.03 

0.5 

- 

10 

0.4 

0.64 

0.32 

0.22 

0.19 

0.64 

0.16 

0.13 

P-Channel 

(Source), 

IqP Min. 

Q Outputs 

4.5 


5 

-0.18 

-0.24 

-0.12 

-0.08 

-0.07 

-0.24 

-0.06 

-0.05 

9.5 

- 

10 

-0.3 

-0.4 

-0.2 

-0.14 

-0.14 

-0.4 

-0.1 

-0.08 

Carry Out- 
put 

4.5 

- 

5 

-0.09 

-0.12 

-0.06 

-0.04 

-0.04 

-0.12 

-0.03 

-0.02 

9.5 

- 

10 

-0.15 

-0.2 

-0.1 

-0.07 

-0.07 

-0.2 

-0.05 

-0.04 

Input 

Leakage 

Current, 

Ml- 'ih 

Ai 

i 

ny Inp 

ut 

15 

±10 ^ Typ., ±1 Max. 

pA 



Fig. 9— Typical dissipation characteristics. 



Fig. 10— Conversion of dock up, dock down 
input signals to clock and up/down 
input signals. 

The CD4029A CLOCK and UP/DOWN inputs 
are used directly in most applications. In 
applications where CLOCK UP and CLOCK 
DOWN inputs are provided, conversion to 
the CD4029A CLOCK and UP/DOWN inputs 
can easily be realized by use of the circuit 
shown below. 

CD4029A changes count on positive transi- 
tions of CLOCK UP or CLOCK DOWN 
inputs. For the gate configuration shown 
below, when counting up the CLOCK DOWN 
input must be maintained high and conversely 
when counting down the CLOCK UP input 
must be maintained high. 

* TRUTH TABLE FOR F-F No I 

UL 


[PE J 
TE Q, 


5 NC 


NC-NO CHANGE 


| 0 NC 
TE -TOGGLE ENABLE 

*• TRUTH TABLE FOR F-F’S 2,3.4 



all inputs are 
protected by 

COS/MOS PROTECTION 
NETWORK 



LI 


clock! 


X- DON'T CARE 


CONTROL 

INPUT 

LOGIC 

LEVEL 

ACTION 

BIN /DEC 
(B/D) 

O 

BINARY COUNT 

DECADE COUNT 

UP /DOWN 
(U/D) 

1 

0 

UP COUNT 

DOWN COUNT 

PRESET ENABLE 
(PE) 

0 

JAM IN 

NO JAM 

CARRY IN (Cl) 
(CLOCK INHIBIT) 

0 

J 

NO COUNTER 

ADVANCE AT POS 
CLOCK TRANSITION 

ADVANCE COUNTER 

AT POS CLOCK 
TRANSITION 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4030A Types 


COS/MOS 

Quad Exclusive-OR Gate 


The RCA-CD4030A types consist of four in- 
dependent Exclusive-OR gates integrated on 
a single monolithic silicon chip. Each Ex- 
clusive-OR gate consists of four n-channel and 
four p-channel enhancement-type transistors. 
All inputs and outputs are protected against 
electrostatic effects. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -66 to +150°C 

OPERATING TEMPERATURE RANGE (T A ) 

PACKAGE TYPES D. F, K, H -55 to +125 °C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY VOLTAGE RANGE, (V D q) 

(Voltages referenced to Vgg Terminal ) — 0.5to l +15V 

POWER DISSIPATION PER PACKAGE (P Q ) 

FOR T a = 40 to +60°C (PACKAGE TYPES E. Y) 500 mW 

FOR T a - +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F. K) 500 mW 

FOR T A = +100 to + 125°C (PACKAGE TYPES D. F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a * FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES} 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS 0.5 to Vq D +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (159 + 0 79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


The CD4030A-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D,F, and V suffixes), 14-lead dual-in- 
line plastic packages (E suffix), 14-lead 
ceramic flat package (K suffix), and in chip 
form (H suffix). 


CHARACTERISTIC 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E,Y 

Packages 

Min. 

Max. 

Min. 

Max. 

Supply Voltage Range (For Ta = Full 
Package Temperature Range) 

3 

12 

3 

12 

V 


*all inputs are 

PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 



TRUTH TABLE FOR ONE OF 
FOUR IDENTICAL GATES 


A 

B 

J 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 


WHERE "1" = HIGH LEVEL 


”0" = LOW LEVEL 


14 



Fig. 1 — Schematic diagram for 1 of 4 identical exdusive-OR gates. 



Features: 

■ Medium speed operation. . . 

• • -tPHL = *PLH = 40 ns (typ.) @ Cl 

* 15 pF and VdD“ v SS -10 V 

■ Low output impedance. . . 

. . .500 FI (typ.) @ Vqd— V$$ = 10 V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 pA 
at 15 V (Full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Applications: 

■ Even and odd-parity generators 
and checkers 

■ Logical comparators 

■ Adders/subtractors 

■ General logic functions 



Fig. 2 — Typical output n-channel 
drain characteristics. 

DRAIN-T0-S0URCE VOLTS <V 0S ) 



For quiescent device current, noise immunity, and input leakage current test circuits see "Ratings and ^ ^ ^ y p j ca / output p-channel 

Characteristics" at the beginning of the COS/MOS section. ' drgjn characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4030A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,K,F,H Packages 

E,Y Packages 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current lj_ Max. 

- 

- 

5 

0.5 

0.005 


30 

5 

0.05 

5 

70 

pA 

- 

- 

HU 

1 

0.01 

1 


10 

e m 

10 

140 

_ 

- 

15 

25 

0.5 

25 

1000 

250 

2.5 

250 

KEFiTtl 

Output Voltage: 
Low Level, 

VOL 

_ 

5 

5 

0 Typ.; 0.05 Max. 

V 

— 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 T yp. 

- 

0 

10 

9.95 Min.; 1 0 Typ. 

Noise Immunity: 
Inputs Low, 

VNL 

3.6 


5 

1 .5 Min.; 2.25 T yp. 

V 

7.2 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

Vnh 

1.4 

- 

5 

1.5 Min.; 2.25 Typ. 

2.8 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 
V NML 

4.5 


5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
VNMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 

N Channel 
(Sink) 

IqN Min. 

0.5 


5 

0.75 

1.2 

0.6 

0.45 

0.35 

1.2 

0.3 

0.25 

mA 

0.5 

- 

10 

1.5 

2,4 

1.2 

0.9 

0.7 

2.4 

0.6 

0.5 

P Channel 
(Source) : 

IqP Min. 

4.5 


5 

-0.45 

-0.6 

-0.3 

-0.21 

-0.21 

-0.6 

-0.15 

-0.12 

9.5 

~ 

10 

-0.95 

-1.3 

-0.65 

-0.45 

-0.45 

-1.3 

-0.32 

-0.25 

Input Leakage 
Current 

IlL. 'IH 

An 

iy Inp 

lUt 

15 


±10 ^ Typ., ± 1 Max. 

iuA 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , t f = 20 ns, 

C L - 15 pF, R l = 200 k a 



Fig. 4 — Typical propagation-delay 
time vs. load capacitance. 



Fig. 5 — Maximum propagation-delay 
time vs. supply voltage. 



Characteristic 


LIMITS 

Units 

Test Conditions 

D,F,K,H 

Packages 

E,Y 

Packages 


VDD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Propagation Delay 
Time ; 

tPLH, tPHL 


5 

— 



— 

100 




- 

40 

100 

- 

40 

M 

Transition Time: 
High-to-Low 

Level, tjHL 


5 

_ 

70 



70 

MM 

ns 

10 

- 

25 

75 

- 

25 

150 

Low-to-High 

Level, tj[_H 


5 

- 

80 

150 

- 

80 

300 

10 

- 

30 

75 

- 

30 

150 

Average 1 nput 
Capacitance, C| 

Any Input 

— 

5 

— 

— 

5 

_ 

pF 


Fig. 6 — Typical dynamic power dis- 
sipation characteristics. 



Fig. 7 — Typical transition time 
vs. load capacitance. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4031A Types 

COS/MOS 64-Stage Static Shift Register 


The RCA-CD4031A is a 64-stage static shift 
register in which each stage is a D-type, 
master-slave flip-flop. 

The logic level present at the DATA input is 
transferred into the first stage and shifted 
one stage at each positive-going clock transi- 
tion. Maximum clock frequencies up to 
4 Megahertz (typical) can be obtained. Be- 
cause fully static operation is allowed, 
information can be permanently stored with 
the clock line in either the low or high state. 
The CD4031A has a MODE CONTROL in- 
put that, when in the high state, allows 
operation in the recirculating mode. Register 
packages can be cascaded and the clock lines 
driven directly for high speed operation. 
Alternatively, a delayed clock output (CLq) 
is provided that enables cascading register 
packages while allowing reduced clock drive 
fan-out and transition-time requirements. 


Data (Q) and Data (Q) outputs are provided 
from the 64th register stage. The Data (Q) 
output is capable of drving one TTL or DTL 
load. 

The CD4031A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 16-lead dual- 
in-line plastic package (E suffix), 16-lead 
ceramic flat package (K suffix), and in 
chip form (H suffix). 

Features: 

■ Fully static operation: DC to 4 MHz typ. 
@ V DD — V SS = 10 v 

■ Operation from a single 3 to 15 V positive 
or negative power supply 

■ High noise immunity 

■ Microwatt quiescent power dissipation: 
1 0 juW (typ.) for ceramic packages; 1 00 p)N 
(typ.) for plastic packages 



■ Single phase clocking requirements 

■ Recirculation capability 

■ Data compatible with TTL-DTL 

■ Two cascading modes: 

Direct clocking for high-speed opera- 
tion 

Delayed clocking for reduced clock 
drive requirements 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /uA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-tempera- 
ture range) 

Applications: 

■ Serial shift registers 

■ Time delay circuits 



Fig. 1 


DRAIN -TO-SOURCE VOLTS <V DS ) 



Fig. 2 — Typical output p-channel drain character- 
istics for Q output. 


MAXIMUM R ATI NGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +1 50° C 

OPERATING-TEMPERATURE RANGE (T A ): Q 

PACKAGE TYPES D, F, K, H -55to+125 Q C 

PACKAGE TYPES E,Y -40 to +85 C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

Voltages referenced to Vss Terminal): -0.5 to +1 5 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR Ta = -40 to +60° C (PACKAGE TYPES E, Y) q . 500 mW 

FOR T A = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 1 2 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) q . 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) . . . Derate Linearly at 1 2 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS . -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265 C 


RECOMMENDED OPERATING CONDITIONS at T A - 25* C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E, Y 

PACKAGES 

MIN. 

MAX. 

MIN. 

MAX. 

Supply- Voltage Range (For T A - Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Data Hold Time, tj-j 

5 

10 

100 

200 

_ 

100 

200 

— 

ns 

Clock Pulse Width, tyy 

5 

10 

0.62 

1.25 

_ 

1.3 

0.5 

_ 

MS 

Clock Input Frequency, fci_ 

5 

10 

dc 

dc 

0.8 

2 

dc 

dc 

0.4 

1 

MHz 

Clock Rise and Fall Time, t r CL, tfCL* 

5 

10 

— 

2 

1 


2 

1 

Ms 


* If more than one unit is cascaded in the parallel clocked application, t r CL should be made less than or equal 
to the sum of the propagation delay at 15 pF and the transition time of the output driving stage. 
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CD4031A Types 


COS/MOS DIGITAL INTEGRATED CIRCUITS 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 


AMBIENT TEMPERATURE (T a ) = 25'C 
TYPICAL TEMPERATURE COEFFICENT FOR 
ALL VALUES OF Vp D «Q3%/»C 


CONDITIONS 


D. K f F, H PACKAGES 


CHARACTERISTICS 


Quiescent Device 
Current, 1^ Max. 


Output Voltage: 
Low Level, 
V™ 


E, Y PACKAGES 


V DD 


+25 



+25 


(V) 

-55 

TYP. 

LIMIT 

+125 

-40 

TYP. 

LIMIT 

+85 

5 

10 

0.5 

10 

600 

50 

1 

50 

700 

in 

25 

1 

EM 

1500 

100 

2 

100 

1400 

El 

50 

m 

EQHj 

2000 

500 

5 

500 




Input Leakage 
Current, 


±10“ 3 Typ., ±1 Max. 


RECIRCU LATION 

* r~ 


"ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


j V— JlG U#-— I^O-H 

4tG 1 # d 4 

►— {identical — r>>— ^ r- 

i—d V 1 

1 ^ i * I 

| STAGES [ ^ 

■ 2 i 

k 1 


1 CL \ 

V I C L \ 

7 

CT j. 

f CL Al. ] 

! L 

I_j-nJ MtgV- 

] 1 tg | J 

| INPUT CONTROL CIRCUIT 


DATA 

RECIRC- 

MODE 

BIT INTO 
STAGE 1 

1 

X 

0 

1 

0 

X 

0 

0 

X 

1 

1 

1 

X 

0 

, 1 1 

0 


TYPICAL STAGE TRUTH TABLE 


0 _J 0 X = DON'T CARE 

, , Input to Output is: 

x — ^ NC (a) A Bidirectional Short Circuit when Control 

Input 1 is "Low" and Control Input 2 is 

N C = NO CHANGE „ u - . „ 

x = doi^t care nign 

A = LEVEL CHANGE 

(b) An Open Circuit when Control Input 1 is 
"High" and Control Input 2 is "Low" 

Fig. 7 — Logic diagram and truth tables. 92cs-iboi9ri 



Fig. 6 — Typical transition time vs. load capaci- 
tance for delayed dock output. 



















































































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4031A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at T^=25°C r Input t r ,tf=20 ns, C|_=15 pF (unless otherwise specified), Rl= 200 k£2 


CHARACTERISTIC 

TEST 

LIMITS 

UNITS 

CONDITIONS 

D, F, K, H 

E, Y 


V DD 

<V> 

MIN. 

TYP. 


MIN. 

TYP. 

MAX. 

Propagation Delay Time; 
^LH'tPHL 

Clock to Data 

Output Q & Q * 

■ 


■ 

400 

800 




1600 

ns 

10 

- 

200 

400 

- 

200 

800 

Clock to CLq 

C|_ = 60 p 

5 

- 

400 

800 

- 

400 

1600 

F 10 

- 

200 

400 

- 

200 

800 

Transition Time; 

*THL' *TLH 

Q Output 


5 


75 

150 


75 

300 

ns 

10 

- 

30 

60 

- 

30 

120 

Q Output 


5 

- 

300 

600 

- 

300 

1200 

10 

- 

150 

300 

- 

150 

600 

CLq Output 

C|_ - 60 p 

5 

- 

200 

400 

- 

200 

800 

r 

10 

- 

100 

200 

- 

100 

400 

Clock Rise and Fall Time; 
t r CL, tfCL** 


5 

- 

- . 

2 

- 

- 

2 

Fs 

10 

- 

- 

1 


- 

1 

Minimum Data Set-Up 
Time, t$ 


5 

- 

200 

400 

- 

200 

800 

ns 

10 

- 

50 

100 

- 

50 

200 

Maximum Clock Input 
Frequency, fcL*** 


5 

0.8 

2 

- 

0.4 

2 

- 

1 

MHz 

10 

2 

4 

- 

1 

4 

- 

Minimum Data Hold 

Time, t^ 


5 

- 

50 

100 

- 

50 

100 

ns 

10 

- 

100 

200 

- 

100 

250 

Minimum Clock Pulse 
Width, t w 


5 

- 

1.3 

0.62 

- 

2.6 

1.3 

/is 

10 

- 

2.5 

1.25 

- 

1 

0.5 

Average Input Capaci- 
tance, Ci Clock 




60 

_ 

_ 

60 

— 

PF 

All Others 



- 

5 



5 




* Capacitive loading on Q output affects propagation delay of Q output. These limits apply for <3 load 
Cj_ <1 5 pF. 

** If more than one unit is cascaded in the parallel clocked application, t r CL should be made less than or 
equal to the sum of the propagation delay at 15 pF and the transition time of the output driving stage. 
*** Maximum Clock Frequency for Cascaded Units; 

a) 


b) 


Using Delayed Clock Feature 




max (n-1 ) CLq prop, delay + Q prop, delay + set-up time 

1 


where n = number of packages 


Not Using Delayed Clock — f. 


max propagation delay + set-up time 


V 00 




COS/MOS PROTECTION 
NETWORK 



Fig. 8 — Maximum dock input frequency vs. 
supply voltage. 



Fig. 9 — Typical power dissipation vs. frequency. 


V D0 



Fig. 10 — Noise-immunity test circuit. 


v ss 


T 

v ss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 AN0V SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V D0 <* V SS 


Fig. 11 — Input-leakage-current test circuit. 


V DD 



WITH S| AT GROUND, CLOCK UNIT 64 TIMES 
BY CONNECTING S 2 TO PULSE GENERATOR. 
RETURN S 2 TO GND AND MEASURE LEAKAGE 
CURRENT. REPEAT WITH S, AT V Q0 . 


Fig. 12 — Functional diagram. 


92CS- 19743 R2 


Fig. 13 - Quiescent-device-current test circuit. 
















COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4032A, CD4038A Types 

COS/MOS Triple Serial Adders 


Features: 

■ Invert inputs on all adders for sum complementing 
applications 

■ Fully static operation dc to 5 MHz (typ.) 

■ Buffered outputs 

■ Single-phase clocking 

■ Microwatt quiescent power dissipation. ... 5 pW (typ.) 

■ Quiescent current specified to 15 V 



V SS »8 
Vqq *'8 

U 92C3- 176*3 

FUNCTIONAL DIAGRAM 


Positive Logic Adder — CD4032A 
Negative Logic Adder — CD4038A 

The RCA-CD4032A and CD4038A types 
consist of three serial adder circuits with 
common CLOCK and CARRY-RESET in- 
puts. Each adder has two provisions for two 
serial DATA INPUT signals and an INVERT 
command signal. When the command signal 
is a logical "1", the sum is complemented. 
Data words enter the adder with the least 
significant bit first; the sign bit trails. The 
output is the MOD 2 sum of the input bits 
plus the carry from the previous bit position. 
The carry is only added at the positive-going 
clock transition for the CD4032A or at the 
negative-going clock for the CD4038A, thus, 
for spike free operation the input data trans- 
itions should occur as soon as possible after 
the triggering edge. 

The CARRY is reset to a logical “0" at the 
end of each word by applying a logical "1" 


■ Maximum input leakage current of 1 pA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

signal to a CARRY-RESET input one bit- 
position before the application of the first 
bit of the next word. Figs. 2 and 4 show 
definitive waveforms for all input and output 
signals. 


ceramic packages (D, F, and Y suffixes), 
1 6-lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), and 
in chip from (H suffix). 

Applications: 

■ Serial arithmetic units 

■ Digital correlators 

■ Digital datalink computers 

■ Flight control computers 

■ Digital servo control systems 



92CS-I9I22 

Fig t J — Typical propagation delay time vs. load 
capacitance for A, B, or INVERT inputs 
to sum outputs. 


The CD4032Aand CD4038A-Series types are 
supplied in 16-lead hermetic dual-in-line 


MAXIMUM RATINGS, Absolute- Maxi mum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65to+150°C 

OPERATINT GEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V 55 Terminal) — 0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pp) 

FOR T a = -40 to +60°C (PACKAGE TYPES E, Y) 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPES E, Y) . . . Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . . . . 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max. , +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25° C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

D, F, K, H 
Packages 

E, Y 

Packages 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (For T A = 

Full Package-Temperature Range) 


3 

12 

3 

12 

V 

Input Setup Time, tg 

5 

10 

t r CL 

- 

t r CL 

- 

ns 

Clock Input Frequency, fQ|_ 



5 

10 

dc 

dc 

1.5 

3 

dc 

dc 

1 

2 

MHz 

Clock Rise or Fall Time, t r CL, tfCL 

5 

10 

— 

15 

15 

_ 

15 

15 

MS 



Fig. 2 — Typical transition time vs. load capacitance 
for sum outputs. 


437 






COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4032A, CD4038A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns r 

C L = 15 pF, R L = 200 kO 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

D, F, K, H 
Packages 

E,Y 

Packages 

V DD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Propagation Delay 
Time; 

tpLH-tPHL 

A f B, or Invert 

Inputs to Sum 

Outputs 

5 


400 

1100 


400 

1400 

ns 

10 

- 

125 

250 

- 

125 

300 

Clock Input 
to Sum Outputs 

5 

- 

800 

2200 

- 

800 

2400 

10 

- 

250 

500 

- 

250 

600 

Transition Time; 

t THL- t TLH 
(Sum Outputs) 

5 

— 

125 

375 

— 

125 

425 

ns 

10 

- 

50 

150 

- 

50 

200 

Maximum Clock Input 
Frequency, f^L 

5 

1.5 

2.5 

- 

1 

2.5 

- 

MHz 

10 

3 

5 

- 

2 

5 

- 

Clock Rise & Fall 

Time; 

t r CL, t f CL** 

5 

_ 

_ 

15 

— 

— 

15 

jus 

10 

- 

- 

15 

- 

- 

15 

Minimum Input Set Up 
Time, tg* 

5 

- 

- 

t r CL 

- 

- 

t r CL 

ns 

10 

Average Input 
Capacitance, C| 


- 

5 

- 

- 

5 

- 

pF 


*This characteristic refers to the minimum time required for the A, B, or Reset Inputs to change state 
following a positive clock transition (CD4032A) or negative transition (CD4Q38A). 


**lf more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive 
load. 



Fig. 3 — Typical dissipation characteristics. 


B . 
Cl“ 
INVERT _ 

CARRY - 
RESET 
SUM 




- WORD I + WORD 2 


riniUTjvxwrL 


-WORD 3 + WORO 4- 


WORD I 0.01 I I 100 = +60 
WORD 2 0.0! 1001 0 » *50 
0.1 101 I I 0 =+110 


- COMPLEMENTED SUM — 

WORD 3 1.101 I 0 II « - 37 
WORD 4 I.IOOI I IQ » -50 
1.010100 I * -07 


Fig. 4 — CD4032A timing diagram. 



WORD l I.IOOOOll * -61 
WORD 2 UOO I I Ql =-51 
10010000 * -112 


WORD 3 0.0100100 • +36 
WORD 4 0 01 IQOOI » +49 
0. 1010100 ■ +65 

92CS-I9I2I 


Fig. 5 — CD4038A timing diagram. 



Fig. 6 — CD4032A logic diagram of one of three serial adders. 



NETWORK 

92CS- 'WCMi 

Fig. 7 — ; CD4038A logic diagram of one of three 
serial adders. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4032A, CD4038A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D, K, F, H Packages 

E, Y Packages 

V 0 

(V) 

V|N 

(V) 

V DD 

(V) 

-55 

+25 

+125 

—40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current l |_ Max. 

- 

- 

5 

5 

0.3 

5 

300 

5d 

0.5 

50 

700 

PA 

- 


10 

10 

0.5 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

— 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 

— 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 
V|\IH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

VnML 

4.5 

_ 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current 

N-Channel 

(Sink), 

IqN Min. 

0.5 


5 

0.6 

0.9 

0.5 

0.3 

0.25 

0.9 

0.2 

0.14 

mA 

0.5 

- 

10 

0.75 

2.4 

0.7 

0.6 

0.6 

2.4 

0.5 

0.4 

P-Channel 

(Source), 

IqP Min. 

4.5 



5 

-0.21 

-0.4 

-0.15 

-0.075 

-0.14 

-0.4 

-0.1 

-0.095 

9.5 

- 

10 

-0.7 

-7.2 

-0.55 

-0.35 

-0.3 

-1.2 

-0.27 

-0.22 

Input Leakage 
Current, 

•lL- ' 1 H 

Any Input 

±10-5 Typ., ±1 Max. 

pA 

- 


15 



Fig. 8 — Quiescent-device-current test circuit. 


v oo 



Fig. 9 - Noise-immunity test circuit. 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 ANO V ss 
CONNECT ALL UNUSEO 
INPUTS TO EITHER 

v dd orv ss . 

92CS-27402 


Fig. 10 — Input-leakage-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4034A Types 


COS/MOS MSI 8-Stage Static Bidirectional 
Parallel/Serial Input/Output Bus Register 


* SERlAU s^ 

INPUTT^Vn 


The RCA-CD4034A is a static eight-stage 
parallel-or serial-input parallel-output regis- 
ter. It can be used to: 

1) bidirectionally transfer parallel informa- 
tion between two buses, 2) convert serial 
data to parallel form and direct the parallel 
data to either of two buses, 3) store (recircu- 
late) parallel data, or 4) accept parallel data 
from either of two buses and convert that 
data to serial form. Inputs that control the 
operations include a single-phase CLOCK 
(CL), A DATA ENABLE (AE), ASYNCHRO- 
NOUS/SYNCHRONOUS (A/S), A-BUS-TO- 
B-BUS/2B-B.US-TO-A-BUS (A/B), and PAR- 
ALLEL/SERIAL (P/S). 

Data inputs include 16 bidirectional parallel 
data lines of which the eight A data lines are 
inputs (outputs) and the B data lines are out- 
puts (inputs) depending on the signal level 
on the A/B input. In addition, an input for 
SERIAL DATA is also provided. 

All register stages are D-type master-slave 
flip-flops with separate master and slave 
clock inputs generated internally to allow 
synchronous or asynchronous data transfer 
from master to slave. Isolation from external 
noise and the effects of loading is provided 
by output buffering. 


* "A" 
ENABLE 

A/B - 

* A/S -j 
-* P/S -\ 

# CLOCK -j 


The serial data appears as output data on 
either the B lines (when A/B is high) or the 
A lines (when A/B is low and the AE signal 
is high). 

Register expansion can be accomplished by 
simply cascading CD4034A packages. 

The CD4034A-Series types are supplied in 
24-lead hermetic dual-in-line ceramic pack- 
ages (D suffix), 24-lead dual-in-line plastic 
packages (E suffix), 24-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 


[steering! 

logic 


i m i m ii! 


rTTTTT 


B 8 8 



Fig. 1 — Functional diagram . 


.-65 to + 1 50 C 


STORAGE-TEMPERATURE RANGE (T $tg ) 

OPERATING-TEMPERATURE RANGE (T A > : 

PACKAGE TYPES D, K, H -55 to +1 25° C 

PACKAGE TYPE E -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vg S Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq) 

FOR T a = -40 to +60° C (PACKAGE TYPE E) 500 mW 

FOR T a = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a - -55 to +100°C (PACKAGE TYPES D, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS . .-0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 


PARALLEL OPERATION 

A high P/S input signal allows data transfer 
into the register via the parallel data lines 
synchronously with the positive transition 
of the clock provided the A/S input is low. 
If the A/S input is high the transfer is in- 
dependent of the clock. The direction of 
data flow is controlled by the A/B input. 
When this signal is high the A data lines are 
inputs (and B data lines are outputs); a low 
A/B signal reverses the direction of data flow. 

The AE input is an additional feature which 
allows many registers to feed data to a 
common bus. The A DATA lines are enabled 
only when this signal is high. 

Data storage through recirculation of data in 
each register stage is accomplished by mak- 
ing the A/B signal high and the AE signal 
low. 

SERIAL OPERATION 

A low P/S signal allows serial data to transfer 
into the register synchronously with the 
positive transition of the clock. The A/S in- 
put is internally disabled when the register is 
in the serial mode (asynchronous serial opera- 
tion is not allowed). 


At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265° C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E, Y 

PACKAGES 

MIN. 

MAX. 

MIN. MAX. 

Supply-Voltage Range (For T A = Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Data Setup Time, t$ 

5 

10 

500 

200 

- 

500 

200 

- 

ns 

Clock Pulse Width, tyy 

5 

10 

400 

175 

- 

400 

175 

- 

ns 

Clock Input Frequency, f^ 

5 

10 

dc 

dc 

1.5 

3 

dc 

dc 

1.5 

3 

MHz 

Clock Rise and Fall Time, t r CL, tfCL* 

5,10 

- 

15 

- 

15 

MS 


*lf more than one unit is cascaded t r CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4034A Types 


Table I — Truth Table for Register Input-Levels and the Resulting Register Operation {L- Low 
Level, H = High Level, X = Don't Care) 


Features: 


"A" 

Enable 

P/S 

A/B 

A/S 

Operation* 

L 

L 

L 

X 

Serial Mode; Synch. Serial Data Input, "A" Parallel Data Outputs 
Disabled 

L 

L 

H 

X 

Serial Mode; Synch. Serial Data Input, "B" Parallel Data Output 

L 

H 

L 

L 

Parallel Mode; "B" Synch. Parallel Data Inputs, “A" Parallel Data 
Outputs Disabled 

L 

H 

L 

H 

Parallel Mode; "B" Asynch. Parallel Data Inputs, “A" Parallel Data 
Outputs Disabled 

L 

H 

H 

L 

Parallel Mode; "A" Parallel Data Inputs Disabled, "B" Parallel Data 
Outputs, Synch. Data Recirculation 

L 

H 

H 

H 

Parallel Mode; "A" Parallel Data Inputs Disabled, "B" Parallel Data 
Outputs, Asynch. Data Recirculation 

H 

L 

L 

X 

Serial Mode; Synch. Serial Data Input, "A" Parallel Data Output 

H 

L 

H 

X 

Serial Mode; Synch. Serial Data Input, "B" Parallel Data Output 

H 

H 

L 

L 

Parallel Mode; "B" Synch. Parallel Data Input, "A" Parallel Data 
Output 

H 

H 

L 

H 

Parallel Mode; "B" Asynch. Parallel Data Input, "A" Parallel Data 
Output 

H 

H 

H 

L 

Parallel Mode; "A" Synch. Parallel Data Input, "B" Parallel Data 
Output 

H 

H 

H 

H 

Parallel Mode; "A" Asynch. Parallel Data Input, "B" Parallel Data 
Output 


•Outputs change at positive transition of clock in the serial mode and when the A/S control input is “low" 
in the parallel mode. 



Bidirectional parallel data input 
Parallel or serial inputs/parallel outputs 
Asynchronous or synchronous 
parallel data loading 
Parallel data-input enable on 
"A" data lines 

Data recirculation for register expansion 
Multipackage register expansion 

Fully static operation DC-to-5 MHz (typ.) 
At V DD — V ss = 10 V 

Quiescent current specified to 15 V 
Maximum input leakage current of 1 pA 
at 15 V (full package-temperature 
range) 

1-V noise margin (full package-temper- 
ature range) 


Applications: 

■ Parallel Input/Parallel Output, 

Parallel Input/Serial Output, 

Serial Input/Parallel Output, 

Serial Input/Serial Output Register 

■ Shift right/shift left register 

■ Shift right/shift left with parallel loading 

■ Address register 

■ Buffer register 

■ Bus system register with enable parallel 

lines at bus side 

■ Double bus register system 

■ Up-Down Johnson or ring counter 

■ Pseudo-random code generators 

■ Sample and hold register (storage, count 

ing, display) 

■ Frequency and phase comparator 


a.™ 

ENML£ I I . f I 1 


p/s n 

A/.r- 
a/s n 


SERIAL 

DATA 


rL_TLT 

JT_TLT 

_n_n_ 

-Tl — TLT 

rL_ri_r 


•<ri 

BZ I 

83 I 

Ml — 
*1 — 
86 | 

B7 | 


J 1 TLT 





J n run 


I LTU 

j 1 run 


88 r 


i 


B DATA LINES ARE OUTPUTS 


Fig. 2 - Logic diagram. 


Fig. 3 - Timing diagram. 













COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4034A Types 


STATIC ELECTRICAL CHARACTERISTICS 




AMBIENT TEMPERATURECT A )*23*C 
TYPICAL TEMPERATURE COEFFICIEN 
FOR Al l VALUES OF Vnn'0.3%/*C 



























































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4034A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T £ = 2&C, Input t r , t f = 20ns, C L = 15 pF, RL = 200*0. 


CHARACTERISTIC 

TEST 

LIMITS 

UNIT 

CONDITIONS 

D, K, H 
PACKAGES 

E 

PACKAGES 


V DD 

(V) 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Propagation Delay 

Timti.tpLH.tpHL 


5 

— 

600 

1200 

— 

600 

1200 

ns 

10 

- 

240 

480 

- 

240 

480 

Transition Time; 

l THL' 'TLH 


5 

- 

250 

750 

- 

250 

750 

ns 

10 

- 

100 

300 

- 

100 

300 

Maximum Clock Input 
Frequency, 


5 

1.5 

2.5 

- 

1.5 

2.5 

- 

MHz 

10 

3 

5 

- 

3 

5 

- 

Clock Pulse Width, 

% 


5 

- 

200 

400 

- 

200 

400 

ns 

10 

- 

100 

175 

- 

100 

175 

Min. High-Level 

AE, P/S, A/S 

Pulse Width 


5 

- 

240 

480 

- 

240 

480 

ns 

10 

- 

85 

195 

- 

85 

195 

Clock Rise& FallTime 
t r CL, t f CL* 


5 

- 

- 

15 

- 

- 

15 

Ms 

10 

- 

- 

15 

- 

- 

15 

Data Set-Up Time, 

*S 


5 


250 

500 

- 

250 

500 

ns 

10 


100 

200 

- 

100 

200 

Average Input 
Capacitance, Cj 

Any Input 

- 

5 



- 

- 

5 

- 

pF 


*lf more than one unit is cascaded t f CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



Fig. 11- Noise-immunity test circuit. 



Fig. 12 - Quiescent-device-current test circuit. 
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Fig. 13 ~ Input-leakage-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4035A Types 
COS/MOS 4-Stage 
Parallel In/Parallel Out 
Shift Register 

with J-K Serial Inputs and True/ 
Complement Outputs 

Features: 

■ 4-Stage clocked shift operation 

■ Synchronous parallel entry on all 4 stages 

■ JK inputs on first stage 

■ Asynchronous True/Complement control 
on all outputs 

■ Static flip-flop operation; Master-slave 
configuration 

■ Reset control 

■ Buffered outputs 

■ Low power dissipation — 5juW typ. (ceramic) 

■ High speed — to 5 MHz 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1/iA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

The RCA-CD4035A is a four-stage clocked 
signal serial register with provision for 
SYNCHRONOUS PARALLEL inputs to 
each stage and SERIAL inputs to the first 
stage via JK logic. Register stages 2, 3, and 
4 are coupled in a serial D flip-flop config- 
uration when the register is in the serial 
mode (PARALLEL/SERIAL control low). 

Parallel entry via the D line of each reg- 
ister stage is permitted only when the 
PARALLEL/SERIAL control is high. 

In the parallel or serial mode information 
is transferred on positive clock transitions. 

When the TRUE/COMPLEMENT control is 
high, the TRUE contents of the register are 
available at the output terminals. When the 
TRUE/COMPLEMENT control is low, the 
outputs are the complements of the data in 
the register. The TRUE/COMPLEMENT 
control functions asynchronously with re- 
pect to the CLOCK signal. 

JK input logic is provided on the first stage 
SERIAL input to minimize logic require- 
ments particularly in counting and sequence- 
generation applications. With JK inputs 
connected together, the first stage becomes 
a D flip-flop. An asynchronous common 
RESET is also provided. 

The CD4035A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 16-lead dual-in- 
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


Applications 

■ Counters, Registers 
Arithmetic-unit registers 
Shift left — shift right registers 
Serial-to-parallel /parallel -to-serial conversions 

■ Sequence generation 

■ Control circuits 

■ Code conversion 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE {T ) -66to+150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal) : —0.5 to +15V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T a = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85° C (PACKAGE TYPES E,Y) Derate Linearly at 12mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) . . . . Derate Linearly at 12mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a - FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) lOOmW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vp D +0.5V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS at T A =25°C, except as noted. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


PARALLEL IN 


L W 


CLK — 
7 

p/s- 


V 0 D -' 6 
V SS 10 


CD4035A 

4 -STAGE REGISTER 


Q|/Q, Q^Q Z Q3/O3 Q4/Q4 


T/C OUT 

92CS-i9966RI 


CD4035A 

FUNCTIONAL DIAGRAM 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E, Y 

PACKAGES 

MIN. 

MAX. 

MIN. 

MAX. 

Supply Voltage Range (For T A = Full 


3 

1 2 

3 

1 2 

V 

Package-Temperature Range 







Data Setup Time, t^: 







l/K 1 i noc 

5 

500 

- 

750 

- 


J/iv LJ 1 ltrS 

10 

200 

- 

250 

- 

ns 







Parallel-In Lines 

5 

350 

- 

500 

- 



10 

80 


100 

— 



5 

335 


500 



Clock Pulse Width, t^ 

10 

165 

- 

250 

- 

ns 


5 

_ 

15 


15 


Clock Rise and Fall Time, t r CL,t^CL 

10 



5 

- 

5 

MS 


5 

400 


500 



Reset Pulse Duration, tyy 

10 

175 

- 

200 

- 

ns 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4035A Types 


PARALLEL 

SERIAL 

CONTROL (P/S) 



CL 

"t n - 

(INPUTS) 

tfj (OUTPUTS) 

J 

r 

R 

O ft -i 

On 

J~ 

0 

X 

0 

0 

O 

J~ 

> 

X 

0 

0 

1 

y- 

X 

0 

0 

• 

0 

j- 

y 

0 

0 

Qn-I 

O TOGGLE 

°A-' MOOE 

_r~ 

X 

1 

0 

l 

1 


X 

X 

0 

Qn-I 

Qn-I 

X 

X 

X 

r 

X 

0 


o£: 


* V DD 


? 


*TG*TRANSMI$$ION gate 


ATE l 1 


ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 


Fig. 1 — Logic block diagram. 

STATIC ELECTRICAL CHARACTERISTICS 


INPUT TO OUTPUT IS: 
a) A BIDIRECTIONAL LOW IMPEDANCE 
WHEN CONTROL INPUT I IS LOW 
AND CONTROL INPUT 2 IS HIGH 

b) AN OPEN CIRCUIT WHEN CONTROL 
INPUT I IS HIGH AND CONTROL 
INPUT 2 IS LOW 


CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 

UNITS 

D, K, F, H PACKAGES 

E, Y PACKAGES 

V 0 

(V) 

V IN 

(V) 



+25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current, 1^ Max. 

- 

- ' 

5 

5 


5 

300 

50 

0.5 

50 

700 

ma 

- 

- 

111 


ESI 

10 


100 

1 

100 

1400 

- 


Q 

50 

i 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 

Low Level, 

V 0L 

- 

5 

5 

0 Typ.; 0.05 Max 

1 

- 

10 

10 

OTyp.; 0.05 Max 

warn 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

D 

m 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

V NL 

m 

- 

5 

1.5 Min.; 2.25 Typ. 


9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

V NH 

m 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

El 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

V NML 

m 

- 

5 

1 Min. 


9 

- 

10 

1 Min. 



- 

5 

1 Min. 

1 

- 

E3 

1 Min. 

Output Drive 

Current: 

N-Channel 

(Sink), 

l D N Min. 


I 

I 

0.62 

i 

0.5 

0.35 

0.43 

1 

0.35 

0.24 


E9 

- 

H 

IS 



m^n 

1.05 


0.85 

0.59 

P-Channel 

(Source): 

IpP Min. 

B 

■ 

■ 

9 

-0.5 


2 m 

-0.2 

-0.5 

-0.18 

-0.12 

9.5 

- 

10 

-0.81 

-1.3 

-0.65 

-0.45 

-0.56 

-0.31 

-0.45 

-0.31 

Input Leakage 
Current, 

*IL' 'lH 

An 

y Inf 

)Ut 

15 

±10"® Typ., ±1 Max. 

pA 



Fig. 2 — Typical propagation delay time vs. 
toad capacitance. 



Fig. 3 — Typical transition time vs. load 
capacitance. 
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Fig. 4 — Typical dock input frequency vs. 
supply voltage. 



Fig. 5 — Typical dynamic power dissipation 
charac teristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4035A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS 

At T^ = 25°C, Input t r ,tf = 20 ns. Cl - 15 pF, Rl = 200 k£2 


CHARACTERISTICS 


LIMITS 

UNITS 

TEST 

CONDITIONS 

D, F, K, H 
PACKAGES 

E,Y 

PACKAGES 


V DD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Min. 

CLOCKED OPERATION 

Propagation Delay 
Time: 

tpLH' Vhl 


5 

_ 

250 

500 

_ 

250 

700 

ns 

10 

- 

100 

200 

- 

100 

300 

Transition Time: 

'THL' ^tlh 


5 

- 

100 

200 

- 

100 

300 

ns 

10 

- 

50 

100 

- 

50 

150 

Minimum Clock 

Pulse Width, t^ 


5 

- 

200 

335 

- 

200 

500 

ns 

10 

- 

100 

165 

- 

100 

250 

Maximum Clock 

Rise & Fall Time 

t rCL' t fCL* 


5 

— 

— 

15 

— 

— 

15 

MS 

10 

- 

- 

5 

- 

- 

5 

Minimum SetupTime: 

J/K Lines 


5 

- 

250 

500 

- 

250 

750 

ns 

10 

- 

100 

200 

- 

100 

250 

Parallel-In Lines 


5 

- 

100 

350 

- 

100 

500 

10 


50 

80 

- 

50 

100 

Maximum Clock 

Frequency, 


5 

1.5 

2.5 

- 

1 

2.5 

- 

MH Z 

10 

3 

5 

- 

2 

5 

- 

Input Capacitance, Cj 

Any Input 

- 

5 

- 

- 

5 

- 

pF 

RESET OPERATION 

Propagation Delay 
Time: 

l PHL' l PLH 


5 

— 

250 

500 

— 

250 

700 

ns 

10 

- 

100 

200 

- 

100 

300 

Minimum Reset Pulse 
Width. ^ 


5 

- 

200 

400 

- 

200 

500 

ns 

10 

- 

100 

175 

- 

100 

200 


*lf more than one unit is cascaded t f CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


V D0 



TE- 

TEST ANY COMBINATION 


0E INPUTS 92CS-2744I 


Fig. 6 - Noise-immunity test circuit. 


v oo 



Fig. 7 — Quiescent-device-current 
test circuit. 



INPUTS TO EITHER 


92CS- 27402 


Fig. 8 — Input-leakage-current 
test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4037A Types 


COS/MOS Triple AND/OR Bi-Phase Pairs 


The RCA-CD4037A consists of three AND/ 
OR pairs driven by common control signals 
A and B. 

Each circuit has a data input (C), and two out- 
put terminals (D and E) that provide outputs 
in accordance with the truth table shown in 
Fig. 1. The circuit is useful for coding or de- 
coding signals for split-phase (Bi phase) com- 
munication systems, magnetic recording, and 
plated wire and core memory systems. A sep- 
arate Vcc terminal is provided to allow level 
conversion to any voltage from 3 volts to Vq 

The CD4037A-Series types are supplied in 14- 
lead hermetic dual-in-line ceramic packages 
(D, F, and Y suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


TRUTH TABLE 


INPUT 

OUTPUT 

A 

B 

D 

E 

0 

0 

1 

1 

1 

0 

C 

c 

0 

~T 

c 

c 

1 

i 

0 

0 




RECOMMENDED OPERATING CONDITIONS. For maximum reliability, nominal operating 
conditions should be selected to that operation is always within the following ranges: 




LIMITS 


CHARACTERISTIC 

O > 

> 

D, F, K, H 

PACKAGES 

E, Y 

PACKAGES 

UNITS 



MIN. 

MAX. 

MIN. 

MAX. 


Supply-Voltage Range (For T^= Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 


CAUTION: V cc VOLTAGE LEVEL MUST BE EQUAL TO OR LESS POSITIVE THAN V DD 

DYNAMIC ELECTRICAL CHARACTERISTICS 

at T^ = 25°C, Input t r , tf = 20 ns, = 15 pF, = 200 kL2 


Features: 

■ Outputs compatible with low-power TTL 
systems. 

■ High sink and source current (1 .6 mA typ.) 
capability at Vp D = Vq C ■ 10V and 
V D s = ° 5 V. 

■ Microwatt quiescent power dissipation: 
Pp = 0.5 /iW/ceramic pkg. (typ.), Pp = 
2 pW/plastic pkg. (typ.) at V DD = 10 V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /iA at 
15 V (full package-temperature range) 

■ 1-V noise margin (full package- temperature 
range) 


CHARACTERISTIC 

TEST 

LIMITS 

1 

CONDITIONS 

D, F, K, H 
PACKAGES 

E, Y 

PACKAGES 


V DD 

(V) 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Propagation Delay Time: 
A and B Inputs 

t PHL' VLH 


5 

■ 

225 

450 

■ 

325 

650 

■ 

10 

■ 

75 

150 

■ 

100 

200 

C Inputs 

Vhl 


5 

S 

ESI 

500 

- 

350 

700 

1 

10 

- 

■3 

150 

- 

100 

200 

l PLH 

■ 

5 

- 

225 

450 

- 

325 

650 

10 

- 

1 31 

180 

- 


250 

Transition Time: 

High-to-Low Level, 

*THL 


5 

— 

m 


— 


120 

B 

10 

■ 

15 

mi 

■ 

20 

40 

Low-to-High Level, 

l TLH 


5 

S 

75 

150 

— 

100 

200 

ns 

10 

- 

60 

120 

- 

90 


Input Capacitance, C| 

Any Input 

— 

5 

- 

- 

5 

- 

pF 


Applications: 

■ Split-phase (Bi-Phase) communication sys- 
tems. 

* Disc, drum, and tape digital recording 
systems. 

■ Plated wire and core memory systems. 

■ High-to-low logic level converter. 



Fig. 2 - Waveforms for measurement of dynamic 
characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4037A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T^g) -65 to +150* C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125* C 

PACKAGE TYPES E, Y -40 to +85* C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vss Terminal) * -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = ~40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T A = +60 to +85° C (PACKAGE TYPES E, Y) • . . Derate Linearly at 12 mW/* C to 200 mW 

FOR T A = -55 to +100° C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125° C (PACKAGE TYPES D, F, K)Derate Linearly at 12 mW/° C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A =FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) .... 100 mW 


INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265 C 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

UNITS 

D, K, F, H PACKAGES 

E, Y PACKAGES 

v o 

(VI 

V .N 

(V) 

V DD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current, l L Max. 

_ 

_ 

5 

5 

0.03 

5 

300 

50 

0.1 

50 

700 

mA 

- 

- 

10 

10 

0.05 

10 

600 

100 

0.2 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 

Low Level, 

V OL 

- 

5 

5 

0 Typ.; 0.05 Max 

V 

- 

10 

10 

0 Typ.; 0.05 Max 

High Level 

V OH 

_ 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

V NL 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

V NH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

V NML 

4.5 


5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 

Current: 

N-Channel 

(Sink), 

l D NMin. 

0.5 


5 

0.85 

0.7 

1.2 

0.45 

0.4 

0.35 

0.7 

0.3 

mA 

0.5 

- 

10 

1.3 

1.1 

2 

0.7 

0.65 

0.55 

1.1 

0.45 

P-Channel 
(Source): 
l D P Min. 

4.5 

- 

5 

-0.65 

-0.55 

-1 

-0.35 

-0.35 

-0.3 

-0.55 

-0.2 

9.5 

- 

10 

-0.9 

-0.75 

-1.6 

-0.45 

-0.5 

-0.4 

-6.75 

-0.3 

Input Leakage 
Current, 

*IL' 'lH 

Ar 

iy Inp 

>ut 

15 

±10- 5 Typ., ±1 Max. 

mA 


For quiescent device current, noise immunity, and input leakage current test circuits see "Ratings and 
Characteristics" at the beginning of the COS/MOS section. 



Fig. 3 — Typical transition time vs. 
load capacitance. 



92CS- 19225 

Fig. 4 — Typical transition time vs. 
load capacitance. 
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Fig. 5 ~ Typical propagation delay time vs. 
load capacitance. 
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Fig.6 ~ Typical dissipation characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4040A Types 

COS/MOS 12-Stage 
Ripple-Carry 
Binary Counter/Divider 

The RCA-CD4040A consists of an input- 
pulse-shaping circuit and 12 ripple-carry 
binary counter stages. Resetting the counter 
to the all-O's state is accomplished by a 
high-level on the reset line. A master- 
slave flip-flop configuration is utilized for 
each counter stage. The state of the counter 
is advanced one step in binary order on the 
negative-going transition of the input pulse. 

All inputs and outputs are fully buffered. 

The CD4040A-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D,F, and Y suffixes), 16-lead dual-in- 
line plastic package (E suffix), 16-lead cer- 
amic flat package (K suffix), and in chip 
form (H suffix). 

RECOMMENDED OPERATING CONDITONS at T A = 25°C, Except as Noted: 

For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges : 


750 £2 (typ.) at Vpo - V$s 


Features: 

■ Medium-speed operation ... 5 MHz (typ.) input pulse 
rate at Vqq — V$s “10 V 

■ Low output impedance . . , 

= 10 V and Vps = 0-5 V 

■ Common reset ■ Fully static operation 

■ All 12 buffered outputs available 

■ Low-power TTL compatible 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /iA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Applications: 

■ Frequency-dividing circuits 

■ Time-delay circuits ■ Control counters 
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92CS-20747RI 


CD4040A 


TERMINAL DIAGRAM 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E,Y 

Packages 

Min. 

Max. 

Min. 

Max. 

Supply Voltage Range (For T A = Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Input Pulse Width, tyy 

5 

10 

400 

110 

- 

500 

125 



ns 

Input-Pulse Frequency, f^ 

5 

10 

dc 

dc 

1 

3.5 

dc 

dc 

0.9 

3.25 

MHz 

Input-Pulse Rise or Fall Time, t r 0,tf0 

5 

10 

15 

15 

— 

15 

15 

— 

flS 

Reset Pulse Width, tyy 

5 

10 

1000 

500 

- 

1250 

600 

— 

ns 



Fig.2 — Typical output n-channel 
drain characteristics. 


DRAIN -TO -SOURCE VOLTAGE (V DS )— V 




Fig. 3 — Typical output p-channel 
drain characteristics. 


COS/MOS PROTECTION ^ACTION OCCURS ON NEGATIVE GOING 


NETWORK 


- r*w . IVI1 vvwwnv VNl IU.VJHI nrt WVIfTO 

TRANSITION OF INPUT PULSE. COUNTER 
ADVANCES ONE BINARY COUNT ON EACH 
NEGATIVE 4 TRANSITION (4096 TOTAL 
BINARY COUNTS). 



Vdd “ i6 


92CM-20748R? 


Fig. 1 — Logic diagram of CD4040A input pulse shaper and 1 of 12 stages. 


Fig. 4 — Functional diagram. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4040A Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T stg ) -66 to +150°C 


-55 to +125°C 
-40 to +85°C 


OPERATING TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F. K, H 

PACKAGE TYPES E, Y 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal) —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq): 

FOR T a = -40 to +60°C (PACKAGE TYPES E.Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 + 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,K,F,H Packages 

E,Y Packages 

vo 

(V) 

V|N 

(V) 

~ < 
< o 
— o 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current, 

l L Max. 

- 

- 

5 

15 

0.5 

15 

900 

50 

1 

50 

700 

pA 

- 

- 

10 


BI 

25 

1500 

100 

2 

100 

1400 

- 

- 

15 

5° 

2.5 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

VOL 

■ 

■ 

5 

0 T yp.; 0.05 Max. 

V 

& 

ID 

10 

0 Typ.; 0.05 Max. j 

High-Level 

VOH 

n 

m 

5 

4.95 Min.; 5 Typ. 

B 

m 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

V NL 

i 

■ 

5 

1.5 Min.; 2.25 Typ. 

V 

B 


10 

3 Min.; 4.5 Typ. 

Inputs High, 

vnh 

EQ 

B 

5 

1.5 Min.; 2.25 Typ. 

D 

Bi 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

VNML 

n 

■ 

5 

1 Min. 

V 

1 

■ 

10 

1 Min. 

Inputs High, 

vnmh 




1 Min. 

n 


10 

1 Min. 

Output Drive 
Current: 
N-Channel 
(Sink). 

IqN Min. 

0.5 

i 

5 

0.22 

0.36 

0.145 

0.102 

0.21 

0.36 

0.08 

0.056 

mA 


■ 

10 

0.44 

0.75 

0.4 

0.250 

0.42 

0.75 

0.2 

0.14 

P-Channel 

(Source): 

IqP Min. 

B 

■ 

5 

-0.15 

-0.25 

-0.1 

-0.07 

-0.45 

-0.25 

-0.06 

-0.04 


| 

10 

-0.03 

-0.5 

-0.25 

-0.175 

-0.29 

-0.5 

-0.15 

-0.1 

Input Leakage 
Current, 

IlL.IlH 

Any Input 

±10 ^ Typ., ±1 Max. 

mA 

fl 

B 

15 



Fig. 5 — Minimum output n-channei 
drain characteristics. 


DRAIN -TO -SOURCE VOLTAGE (V DS ) — V 



Fig. 6 — Minimum output p-channel 
drain characteristics. 



20 40 60 80 100 

LOAD CAPACITANCE (C L ) — pF 92 CS- 2 ISI 

Fig. 7 — Typical propagation delay time vs. 
load capacitance (per stage). 
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Fig. 8 — Typical transition time vs. load 
capacitance. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4040A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , t f = 20 ns. 

Cl = 15 pF, Rl " 200 kn 


Characteristic 


LIMITS 

Units 

Test Conditions 

D,F,K,H 

Packages 

E,Y 

Packages 


D 

□ > 
> — 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input-Pulse Operation 

Propagation Delay 
Time, 

tPLH. tPHL* 


5 

_ 

450 

900 

— 

450 

950 

ns 

10 

- 

225 

450 

- 

225 

475 

Transition Time, 
tTHL. TTLH 


5 

- 

150 

300 

- 

150 

350 

ns 

10 

- 

75 

150 

- 

75 

175 

Maximum Input-Pulse 
Frequency, 


5 

1 

1.75 

- 

0.9 

1.75 

- 

MHz 

10 

3.5 

5 

- 

3.25 

5 

- 

Minimum Input-Pulse 
Width, t w 

f-100 kHZ 

5 

— 

200 

400 

— 

200 

500 

ns 

10 

- 

75 

110 

~ 

75 

125 

Input-Pulse Rise & 

Fall Time, t r0 , t i<p * 


5 

- 

- 

15 

- 

- 

15 

MS 

10 

- 

- 

7.5 

- 

- 

7.5 

Average Input 
Capacitance, Cj 

Any Input 


- 

5 

- 

- 

5 

- 

pF 

Reset Operation 

Propagation Delay 

Time, tpHL* 


5 

- 

500 

1000 

- 

500 

1250 

ns 

10 

- 

250 

500 

- 

250 

600 

Minimum Reset 

Pulse Width, tyy 


5 

— 

500 

1000 

— 

500 

1250 

ns 

10 

- 

250 

500 

- 

250 

600 


• Measured from the 50% level of the nega- 
tive clock edge to the 50% level of either 
the positive or negative edge of the Q1 out- 
put (pin 9); or measured from the nega- 
tive edge of Q1 through Qlt outputs to 
the positive or negative edge of the next 
higher output. 


a Maximum input rise or fall time for func- 
tional operation. 

* Measured from the positive edge of the re- 
set pulse to the negative edge of any output 
(Q 1 to Q12). 



Fig. 9 - Typical dissipation characteristics. 



92CS-27544 

Fig. 10— Typical input-pulse frequency 
i/5. supply voltage. 




MD- 

Vss 


V DO 

r 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 00 AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vqo OR V $s 


MCS-2T«02 


Fig. 11 — Noise-immunity test circuit. 


Fig. 12 — Quiescent-device-current test circuit. 


Fig. 13 — Input-leakage-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4041A Types 


COS/MOS Quad 
T rue/Complement 
Buffer 

The RCA-CD4041A types are quad true/ 
complement buffers consisting of n- and 
p-channel junits having low channel resistance 
and high current (sourcinq and sinking)capa 
bility. The CD4041A is intended for use as 
a buffer, line driver, or COS/MOS-to-TTL 
driver. It can be used as an ultra-low power 


resistor-network driver for A/D and D/A 
conversion, as a transmission-line driver, and 
in other applications where high noise im- 
munity and low-power dissipation are pri- 
mary design requirements. 

The CD4041A types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D,F, 
Y suffixes), 14-lead dual-in-line plastic pack- 
ages (E suffix), 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -66 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K. H -55 to +125 °C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE. (V DD ) 

(Voltages referenced to V SS Terminal ) —0.5 to +1 5 V 

POWER DISSIPATION PER PACKAGE (P Q ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E. Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D. F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D. F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range (For = Full Package 

Temperature Range) 

3 

12 

V 



Fig. 1 — CD4041A schematic diagram. 



CD4041A 
Functional Diagram 


Features: 

True Output 

■ High current source and sink capability 

8 mA (typ.) @ Vps = 0-5 V, Vqd “10 V 
3.2 mA (typ.) @ VqS = 0.4 V, Vdq = 5 V 
(two TTL loads) 

Complement Output 

■ Medium current source and sink capability 

3.6 mA (typ.) @ Vps = 0.5 V, Vqq “ 10 V 

1.6 mA (typ.) @ VqS = 0.5 V, VpD = 5 V 

■ Quiescent current specified to 15 V 

■ Maximum input peakage of 1 /iA at 15 V 
(fuil package-temperature range) 

■ 1-V noise margin (full package temperature 
range) 


Applications: 

■ High current source/sink driver 

■ COS/MOS-to-DT L/TT L converter 

■ Display driver 

■ MOS clock driver 

■ Resistor network driver 
(Ladder or weighted R) 

■ Buffer 

■ Transmission line driver 


452 





DRAIN CURRENT Upl-mA 


COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4041A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 


Conditions 

Vo V|N Vdd 
(V) (V) (V) 


Limits at Indicated Temperatures (°C) 


D,K,F,H Packages 


E,Y Packages 


Quiescent Device 
Current, l|_ 

Max. 


Output Voltage: 
Low-Level, 

VQL 

High-Level, 

Vqh 


Noise Immunity: 
Inputs Low, 

VNL 


I nputs High, 

Vnh 


Noise Margin: 
Inputs Low, 

VnML 


Inputs High, 

VnMH 


Output Drive 
Current: 
N-Channel 
(Sink), 

IqN Min. 


P-Channel 

(Source) 

IqP Min. 


Input Leakage 

Current, Any Input 15 

hL, «IH 



-1.25 


10~ 5 Typ.; 1 Max. 


MAXIMUM AVERAGE 

DISSIPATION 

PER OUTPUT (IOO 








DRAIN -TO -SOURCE VOLTAGE (V DS )-V 


Fig.2 — Typical output n-channel drain charac 
teristics — true output . 



AMBIENT TEMPERATURE (T A )-Z5*C| 
-S C 

DRAIN -TO -SOURCE VOLTAGE (V os ) -V 


Fig. 3 — Typical output p-channei drain charac- 
teristics — true output. 



DRAIN-TO- SOURCE VOLTAGE (V DS ) -V 


Fig. 4 — Typical output n-channel drain charac 
teristics — complement output. 
































































































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4041A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A « 25°C and C L = 15 pF, Rl = 200 k£2 
I tIsT I LIMITS I I 


CHARACTERISTIC 


TEST 

CONDI TIONS 

I v DD 

(Volts) 


D,F,K,H 
Packages 
TYP. I MAX. 


E,Y 

Packages 
TYP. I MAX. 


Propagation Delay Time: 

True 

5 

65 

115 

65 

140 


High-to-Low Level 

Output 

10 

40 

75 

■a 

100 

ns 

tpHL 

Comp. 

5 

55 

100 

n 

125 



Output 

10 

30 

45 

1 

65 

ns 


True 

5 


150 


Low-to-High Level 

Output 

10 

K9IQIHi 

100 

ns 

tPLH 

Comp. 

5 


1 ioo | 




Output 

10 


ns 

Transition Time: 

True 

5 

20 

1 40 | 

20 

60 


High-to-Low Level 

Output 

10 

13 


13 

40 

ns 

tTHL 

Comp. 

5 

40 

60 

40 

80 



Output 

10 

25 

40 

25 


ns 



INPUT VOLTAGE ( Vr ) ~ V 

1 92CS-20044 

Fig. 10 — Minimum and maximum transfer charac- 
teristics — true output. 


INPUT VOLTAGE (Vj)-V 9ZL5-zoo4s 

Fig. 11 — Minimum and maximum transfer charac- 
teristics — complement output. 


LOAD CAPACITANCE (C L )-PF 


Fig. 12 — Typical transition time vs. 
Cf_ — true output. 


AMBIENT TEMPERATURE 
(T A ) = 25"C 


AMBIENT TEMPERATURE 

(T A )=25*C I 

I I ' 



E AMBIENT TEMPERATURE | 

5lOOf- (T A ) = 25°C 



10 20 30 40 50 60 70 80 90 

LOAD CAPACITANCE (C[_)-PF 

92CS- 20047 

10 20 30 40 50 60 70 80 90 

LOAD CAPACITANCE (C|_)-PF 

92CS- 20048 

Q- 1 1 1 1 1 1 l J 1 

10 20 30 40 50 60 70 80 90 

LOAD CAPACITANCE (C L )-PF 

92CS -20049 

Fig. 13 — Typical high-to-low level transition 
time vs. C{_ — complement output. 

Fig. 14 — Typical low-to-high level propagation 
delay time vs. Cj_ — true output. 

Fig. 15 — Typical low-to-high level propagation 

delay time vs. C/_ — complement output. 































































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4041A Types 



Fig . 16 — Typical power dissipation vs. 
frequency per output pair. 




Fig. 17 — Typical power dissipation vs. input Fig. 18 — Quiescent device current test circuit, 

rise & fall time per output pair. 


V DD 




NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANOV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD °* V SS 


92 CS- 2 74 02 


Fig. 19 — Noise immunity test circuit. 


Fig. 20 - Input leakage current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4042A Types 


COS/MOS Quad Clocked "D” Latch 


The RCA-CD4042A types contain four latch 
circuits, each strobed by a common clock. 
Complementary buffered outputs are availa- 
ble from each circuit. The impedance of the 
n- and p-channel output devices is balanced 
and all outputs are electrically identical. 
Information present at the data input is 
transferred to outputs Q and Q during the 
CLOCK level which is programmed by the 
POLARITY input. For POLARITY = 0 the 
transfer occurs during the 0 CLOCK level 
and for POLARITY = 1 the transfer occurs 
during the 1 CLOCK level. The outputs 
follow the data input providing the CLOCK 
MAXIMUM RATINGS, Absolute-Maximum 


and POLARITY levels defined above are 
present When a CLOCK transition occurs 
(positive for POLARITY = 0 and negative 
for POLARITY = 1) the information present 
at the input during the CLOCK transition is 
retained at the outputs until an opposite 
CLOCK transition occurs. 

The CD4042A types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, 
F, and Y suffixes), 16-lead dual-in-line plas- 
tic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H suf- 
fix). 
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Vi 

POLARITY j 
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v ddO~ 

VssO 1 - 

FUNC 

S2CS- 20191 

CD4042A 

TIONAL DIAGRAM 


STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE <T A ): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E,Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V$s Terminal): -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 

DYNAMIC E LECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, C L = 15 pF, 


R L = 200 KSl 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E,Y 

Packages 

Typ. 

Max. 

Typ. 

Max. 

Propagation Delay 

Time: tpHL. tPLH 

Data In to Q 

5 

10 

150 

75 

300 

150 

150 

75 

400 

200 

ns 

Data In to 6 

5 

10 

250 

100 

500 

200 

250 

100 

600 

250 

ns 

Clock to Q 

5 

10 

300 

125 

600 

250 

300 

125 

750 

300 

ns 

Clock to Q 

5 

10 

400 

175 

800 

350 

400 

175 

1000 

400 

ns 

Transition Time: 
tTHL. tTLH 

5 

10 

100 

50 

200 

100 

100 

50 

300 

150 

ns 

Minimum Clock 

Pulse Width, tw 

5 

10 

175 

60 

250 

120 

175 

60 

350 

175 

ns 

Minimum Hold 

Time, tH 

5 

10 

150 

60 

300 

120 

150 

60 

350 

150 

ns 

Minimum Setup 

Time, t$ 

5 

10 

0 

0 

50 

30 

0 

0 

50 

30 

ns 

Minimum Clock Rise 
or Fall Time: t r , tf 

5 

10 

Not rise or fall time sensitive. 

Ms 

Input Capacitance, C| 

(Any Input) 

- 

5 

- 

5 

- 

pF 


Features: 

■ Clock polarity control 

■ Q and Q outputs 

■ Common clock 

■ Low power TTL compatible 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 pA at 15 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 


Applications: 

■ Buffer storage 

■ Holding register 

■ General digital logic 



CLOCK 

POLARITY 

Q 

0 

0 

D 

_y~ 

0 

LATCH 

i 

1 

D 


1 

LATCH 


Fig. 1 — Logic block diagram & truth table. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4042A Types 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E.Y 

Packages 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range 







(For T A = Full Package 

- 

3 

12 

3 

12 

V 

Temperature Range) 







Clock Pulse 

5 

350 


250 

- 

ns 

Width, tyy 

10 

175 


120 

- 



5 

MZM 


50 

■ 


Setup Time, tg 

10 

Hi 

m 

30 

■ 

ns 


5 

350 

___l 

300 




Hold Time, t|-( 

10 

150 

H 

120 

- 

ns 

Clock Rise or Fall 

5 

. 

JJS 

Time: t r , tf 

10 




STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,K,F,H Packai 

xs 

E,Y Packages 

Vo 

(V) 

V|N 

(V) 

vdd 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 


Limit 

Quiescent Device 
Current, l|_ Max. 

- 

- 

mm 

1 


1 

60 

mem 

null 

10 

140 

ma 

- 

- 

10 

2 

0.005 

2 

120 

20 

(Big 

20 

280 

- 

- 

15 

25 

0.25 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low-Level, 
v OL 

B 

EH 

5 

0 Typ.; 0.05 Max. 

V 

B 

s® 

10 

0 Typ.; 0.05 Max. 

High Level, 

VOH 

- 

0,5 

5 

4.95 Min.; 5 Typ. 

— 

30 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

VnL 

m 

B 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High, 

VnH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

Vnml 

IS 

- 

5 

1 Min. 

V 

9 

— 

10 

1 Min. 

Inputs High, 

Vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink), 

I d N Min. 

0.5 

1 

5 

0.5 

1 



0.24 

1 

0.2 

0.18 

mA 

0.5 

- 

10 

1.25 

2 

1 

0.7 

0.6 

2 

0.5 

0.45 

p-Channel 

(Source), 

IqP Min. 

4.5 

— 

5 

-0.45 

-1 

-0.35 

-0.25 

-0.2 

-1 

-0.175 

-0.15 

9.5 


10 

-1.15 

-2 

-0.9 

-0.6 

-0.34 

-2 

-0.45 

-0.4 

Input Leakage 
Current, 
l|L, 1 1 H Max. 

Any 

Input 

15 

±10~5 Typ.; 1 Max. 

ma 



92CS- 20166 R I 

Fig. 2 — Typical output n-channel drain 
ch arac teristics. 


DRAIN -TO -SOURCE VOLTAGE (V 0S )— V 



Fig. 3 — Typical output p-channe! drain 
characteristics. 



92CS- 20188 

Fig. 4 — Minimum n-channel drain characteristics. 


DRAIN - TO - SOURCE VOLTAGE (V DS ) — V 



Fig. 5 — Minimum p-channe! drain characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4042A Types 



NOTES: 

1. FOR POSITIVE CLOCK EDGE. INPUT DATA IS LATCHED WHEN 
POLARITY IS LOW. 

2. FOR NEGATIVE CLOCK EDGE, INPUT OATA IS LATCHED WHEN 
POLARITY IS HIGH. 


92CS-27630 


Fig. 6— Dynamic test parameters. 



Fig. 11 — Typical dissipation characteristics. 



LOAD CAPACITANCE (C L ) — pF 

92CS-Z763I 

Fig. 7 — Typical propagation delay time vs. 
load capacitance— data to Q. 



92CS-27633 

Fig. 9 — Typical propagation delay time vs. load 
capacitance — dock to Q. 



Fig. 12 — Quiescent device current test circuit. 



92CS-27632 

Fig. 8 — Typical propagation delay time vs. load 
capacitance — data to Q. 



bo too 

LOAD CAPACITANCE <C L ) — pF 

92CS-27634 


Fig. 10 — Typical propagation delay time vs. load 
capacitance — dock to Q. 


v oo 



Fig. 13— Noise immunity test circuit. 



Fig. 14 — Input leakage current test circuit. 









COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4043A, CD4044A Types 


COS/MOS Quad 3-State 
R/S Latches 

Quad NOR R/S Latch - CD4043A 
Quad NAND R/S Latch - CD4044A 

The RCA-CD4Q43A types are quad cross- 
coupled 3-state COS/MOS NOR latches and 
the CD4044A types are quad cross-coupled 
3-state COS/MOS NAND latches. Each latch 
has a separate Q output and individual SET 
and RESET inputs. The Q outputs are con- 
trolled by a common ENABLE input. A log- 
ic "1" or high on the ENABLE input con- 
nects the latch states to the Q outputs. A 
logic "0" or low on the ENABLE input 
disconnects the latch states from the Q out- 
puts, resulting in an open circuit condition 
on the Q outputs. The open circuit feature 
allows common busing of the outputs. The 
logic operation of the latches is summarized 
in the truth table shown in Fig. 1 . 

The CD4043A and CD4044A types are sup- 
ply in 16-lead hermetic dual-in-line ceramic 
packages (D, F, Y suffixes), 16-lead dual-in- 
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) . 

OPERATING-TEMPERATURE RANGE (T A ) 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPES E,Y 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V$s Terminal): —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) from case for 10 s max . +265°C 


RECOMMENDED OPERATING CONDITIONS at T A - 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 





LIMITS 



CHARACTERISTIC 

Vdd 

(V) 

D,F,K,H 

Packages 

E,Y 

Packages 

UNITS 



Min. 

Max. 

Min. 

Max. 


Supply-Voltage Range 







(For T A = Full Package 

Temperature Range 


3 

12 

3 

12 

V 

Set or Reset Pulse 

5 

200 

- 

225 

- 

ns 

Width, X\jg 

10 

100 

_ 

110 



.-65 to +150 C 

.-55 to +125°C 
, —40 to +85 °C 



Applications: 

■ Holding register in multi- 
register system 

■ Four bits of independent 
storage with output ENABLE 

■ Strobed register 

■ General digital logic 



Features: 


■ 3-Level outputs with common 
output ENABLE 

■ Separate SET and RESET inputs 
for each latch 

■ NOR and NAND configurations 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 /uA at 15 V 
(full package-temperature range) 

■ 1-V noise margin (full package -temperature 
range) 


CD4043A- NOR 



* OPEN CIRCUIT 
+ NO CHANGE 


A DOMINATED BY S= I INPUT 

92CS-202II 


CD4Q44A-NAND 



*0PEN CIRCUIT 
+ NO CHANGE 

AA DOMINATED BY R = 0 INPUT 

92CS-202I2 

Fig. 1 — Logic diagrams and truth tables . 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4043A, CD4044A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,K f F,H Packages 

E, Y Packages 

Vo 

<V) 

V|N 

(V) 

Vdd 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current, !j_ Max. 

- 

- 

5 

1 

0.005 

1 

60 

10 

0.01 

10 

140 

ma 

- 

- 

10 

2 

0.005 

2 

120 

20 

0.02 

20 

280 

- 

- 

15 

25 

0.25 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low- Level, 

VOL 

- 

0,5 

5 

0 Typ.; 0.05 Max. 

V 

— 

0,10 

10 

0 Typ.; 0.05 Max. 

High Level, 

VOH 

- 

0,5 

5 

4.95 Min.; 5 Typ. 

- 

0,10 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

VnL 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

— 

10 

3 Min.; 4.5 Typ. 

Inputs High, 

VnH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ.; 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

VnML 

4.5 

- 

5 

1 Min. 

V 

9 

_ 

10 

1 Min. 

Inputs High, 

VnMH 

0.5 

- 

5 

1 Min. 

1 

— 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink), 

IqN Min. 

0.5 

- 

5 

0.25 

0.5 

0.2 

0.19 

0.12 

0.5 

0.1 

0.09 

mA 

0.5 

- 

10 

0.61 

1 

0.5 

0.35 

0.3 

1 

0.25 

0.22 

p-Channel 

(Source), 

IqP Min. 

4.5 

— 

5 

-0.22 

-0.5 

-0.175 

-0.12 

-0.11 

-0.5 

-0.09 

-0.08 

as 

- 

10 

-0.5 

-1 

-0.4 

-0.28 

-0.24 

-1 

-0.2 

-0.18 

Input Leakage 
Current, 
l|L . 'IH 

Any 

Input 

15 

± 10 — 5 Typ.; ±1 Max. 

ma 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r , tf = 20 ns, C L = 15 pF, 

R L = 200 kfi 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E,Y 

Packages 

Typ. 

Max. 

Typ. 

Max. 

Propagation Delay 

5 

175 

350 

175 

400 


Time: tp|_j|_, tpj_n 






ns 


10 

75 

175 

75 

200 


SET or RESET to Q 







3-State Propagation Delay 

Time: ENABLE to Q 

5 

100 

200 

100 

200 

ns 


10 

50 

100 

50 

100 


*PHZ . tPZH 








5 

80 

160 

80 

160 


tPLZ' tPZL 

10 

40 

80 

40 

80 

ns 

Transition Time: 

5 

100 

200 

100 

250 

ns 

tTHL-tPLH 

10 

50 

100 

50 

125 


Minimum SET or RESET 

5 

80 

200 

80 

225 

ns 

Pulse Width, tyy 

10 

40 

100 

40 

110 


Average Input Capacitance, Cj 
(Any Input) 

- 

5 

- 

5 

- 

pF 



92CS- 20215 

Fig. 2— Typical output n-channe! drain 
characteristics. 


DRAIN -TO - SOURCE VOLTAGE (Vo$ > — V 



92CS-202I6 

Fig. 3— Typical output p-channet drain 
characteristics. 
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1 
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1 
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92CS-20ZIT 


Fig. 4 — Minimum n-channe! drain characteristics. 


DRAIN-TO- SOURCE VOLTAGE (Vqs) — V 



Fig. 5 — Minimum p-channel drain characteristics. 
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PROPAGATION DELAY TIME («PLH X ’PHL> 


COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4043A, CD4044A Types 



v oo 



Fig. 9 — Quiescent device current test circuit. 



V DO 



Fig. 10 — Noise immunity test circuit. 



Fig. 8 — Typical dissipation characteristics. 



Fig. 11 — Input leakage current test circuit. 


V 0D 



TEST 

IN 

IN 

A 

*PHZ 

V D D 

vss 

V SS 

‘PLZ 

v ss 

V DD 

V DD 

'PZM 

V DD 

v S s 

V SS 

tpZL 

vss 

VDO 

VOD 


Z * HIGH IMPEDANCE 



Fig, 12 — ENABLE propagation delay time test circuit and waveforms. 


APPLICATIONS 


V DD 




Fig. 13— Switch bounce eliminator. 



Fig. 14 ~ Multiple bus storage. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4045A Types 

COS/MOS 21-Stage Counter 


The RCA-CD4045A is a timing circuit con- 
sisting of 21 counter stages, two output- 
shaping flip-flops, two inverter output 
drivers, three 5.5-V zener diodes (providing 
transient protection at 16.5 V), and input 
inverters for use in a crystal oscillator. The 
CD4045A configuration provides 21 flip- 
flop counting stages, and two flip-flops for 
shaping the output waveform for a 3.125% 
duty cycle. Push-pull operation is provided 
by the inverter output drivers. 

The first inverter is intended for use as a 
crystal oscillator/amplifier. However, it may 
be used as a normal logic inverter if desired. 
A crystal oscillator circuit can be made less 
sensitive to voltage-supply variations by the 
use of source resistors. In this device, the 
sources of the p and n transistors have been 
brought out to package terminals. If external 
resistors are not required, the sources must 
be shorted to their respective substrates (S p 
to Vpp, S n to V ss ). See Fig. 3. 


The CD4045A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 16-lead dual-in- 
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

Applications: 

■ Digital equipment in which ultra-low 
dissipation and/or operation using a 
battery source are primary design 
requirements. 

■ Accurate timing from a crystal 
oscillator for timing applications 
such as wall clocks, table clocks, 
automobile clocks, and digital 
timing references in any circuit 
requiring accurately timed outputs 
at various intervals in the counting 
sequence. 

■ Driving miniature synchronous motors, 
stepping motors, or external bipolar 
transistors in push-pull fashion. 



Features: 

■ Microwatt quiescent dissipation 

2.5 MW (typ.) @ V DD = 5 V; 

10 mW (typ.) @ V dd = 10 V 

■ Very low operating dissipation 

1 mW (typ.); @ V DD * 5 V, f0 = 1 MHz 

■ Output drivers with sink or source 

capability * 

7 mA (typ.) @ Vq = 0.5 V, 

V DD = 5 V (sink) 

5 mA (typ.) @ V 0 = 4.5 V, 

Vqq = 5 V (source) 

■ Medium speed (typ.) 

f0 = 5 MHz @ V DD = 5 V 
f0= 10 MHz @ V DD * 10 V 

■ 16.5 V zener diode transient protection 
on chip for automotive use 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /iA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 


NOTE1: To minimize power dissipation in the 
zener diodes, and to ensure device 
dissipation less than 200 mW, a 150 £2 
current-limiting resistor must be placed 
in series with the power supply for 
V DD v - 

NOTE 2: Observe power-supply terminal connec- 
tions, V qd ■$ terminal No. 3 and Vss > s 
terminal No. 14 (not 16 and 8 respec- 
tively, as in all other CD4000A Series 
16-lead devices). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H ~55to+125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE f*ANGE, (V D d) 

(Voltages referenced to Vgs Terminal): -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq): 

FOR T a = -40 to +60 °C (PACKAGE TYPES E,Y) 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPES E,Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ' -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VDD 

<V) 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E.Y 

Packages 

Min. Max. 

Min. 

Max. 

Supply-Voltage Range (ForTA=Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Input-Pulse Width, tyy 

5 

10 

115 

60 



140 

75 



ns 

Input-Pulse Frequency, f0 

5 

10 

dc 

dc 

4.4 

8.5 

dc 

dc 

3.5 

6.5 

MHz 

Input-Pulse Rise or Fall Time, t r 0 , tf0 

5 

10 

- 

15 

10 

- 

15 

10 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4045A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r ,t f = 20 ns, 

C L = 15 pF, R l = 200 k£2 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E,Y 

Packages 


VDD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Propagation Delay Time: 

0 to y or y+d out 
tpLH.tpHL 


5 

- 

2.2 

4.4 

- 

2.2 

5.5 

As 

10 

- 

1.2 

2.4 

- 

1.2 

3.3 

Transition Time: 
tTHL-tTLH 


5 

- 

450 

800 

- 

450 

900 

ns 

10 

- 

375 

650 

- 

375 

750 

Maximum Input-Pulse 
Frequency, f m 0 


5 

4.4 

5 

- 

3.5 

5 

- 

MHz 

10 

8.5 

10 

- 

6.5 

10 

- 

Minimum Input-Pulse 
Width, tyy 


5 

- 

100 

115 

- 

100 

140 

ns 

10 

- 

50 

60 

- 

50 

75 

Input-Pulse Rise & Fall 


5 





15 

_ 


15 


Time; t r 0 , tf 0 


10 

- 

- 

10 

- 

- 

10 

As 

Average Input 










Capacitance, C| 

Any Input 


5 

— 

— 

5 

— 

pF 



Fig. 3 — CD4045A and outboard components in a typical 21 -stage counter application. 


DRAIN TO SOURCE VOLTAGE <V DS )-V 



Fig. 5 — Minimum output p-channel drain 
characteristics. 



Fig. 6 — Typical dissipation vs input frequency 
(21 counting stages). 



DRAIN-TO-SOURCE VOLTAGE (V[)s)-V 

92CS- 20896RI 

Fig. 1 — Typical output n-channel drain 
characteristics. 



92CS-20897RI 

Fig. 2 — Minimum output n-channel drain 
characteristcs. 


DRAIN TO SOURCE VOLTAGE (Vqs^-V 



9 2CS- 20898RI 

Fig. 4 — Typical output p-channel drain 
characteristics. 



ZENER DIODE VOLTAGE (V 2 »-V 

92CS- 20900 


Fig. 7 — Typical zener diode characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4045A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,K,F,H Packages 

E, Y Packages 

Vo 

(V) 

V|N 

(V) 

VDD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 



EES 

Limit 

Quiescent Device 
Current lj_ Max. 

^9 

H9 

n 

m 


15 

900 

m 

n 

50 

700 

A*A 

n 

I B 

m 

m 

m 

25 

IMoi 

KEH3 

2 

IBBl 

iron 

BI 

Bi 

m 


n 

50 



5 


1EBSCT 

Output Voltage: 
Low- Level, 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

a 

o 

Hfil 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

vnl 

a 

a 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

V NH 

0.8 



1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

VNML 

m 

H 

5 

1 Min. 

V 

9 

— 

10 

1 Min. 

Inputs High, 
VnMH 



B 

1 Min. 

— 

Bi 

m 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink) 

IqN Min. 

0.5 

■ 

5 

1 

I 

1 


2.2 

1 



mA 

0.5 

- 

10 

nu 

ii 

mm 

3.9 

■ 

m 

2.8 

2 

p-Channel 

(Source): 

IqP Min. 


■ 

5 

-3.1 


KB 



-5 

-1.3 

-0.9 

9.5 

- 

10 

mn 

-9 

IB 

BS 

5m 

-9 

-2.3 

-1.6 

Input Leakage 
Current, 

•lL. IlH 



B 


PA 

Zener Breakdown 
Voltage, V (BR)Z 

1-100 juA 

Min. 

EHB 

— 

13.5 


BT 

— 

13.5 

13.6 

V 

BBS 

m 

ms 

- 

- 


m 

BI 

B 


1B3 

- 

18 

18.2 

DQ0 

Bi 

18 

m 


W 

2 

>- 

5 25 

o 

z 

P . 2 

< 4. 

O JL 

S 5 
£ 3 1 - 5 

~ -J 

H X 

8 r , 

4- 

K 

O 

»* 0.5 

o 

- 0 

Ijlll 

Hi:: 

11 
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SUPPLY VOLTAGE (Voo)--V 

92CS-20955 

Fig. 8 - Typical propagation delay f(j)j to 
y or y+d out) vs V DD- 



Fig. 9 — Typical transition time vs C £. 



92CS- 27475 

Fig. 10 — Typical maximum input-pulse 
frequency. 



v oo 



Mi>~ 

Vss 


T 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANDV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V 00 ORV SS 


92 CS - 2 7402 


Fig. 11 — Quiescent-device-current 
test circuit. 


Fig. 1Z— Noise-immunity test circuit. 


Fig. 13 — Input-leakage-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4046A Types 


COS/MOS Micropower Phase-Locked Loop 


The RCA-CD4046A COS/MOS Micropower 
Phase-Locked Loop (PLL) consists of a low- 
power, linear voltage-controlled oscillator 
(VCO) and two different phase comparators 
having a common signal-input amplifier and 
a common comparator input. A 5.2-V zener 
diode is provided for supply regulation if 
necessary. The CD4046A is supplied in a 
16-lead dual-in-line ceramic package (CD- 
4046AD), a 16-lead dual-in-line plastic pack- 
age (CD4046AE), and a 16-lead flat pack 
(CD4046AK). It is also available in chip 
form {CD4046AH). 

VCO Section 

The VCO requires one external capacitor Cl 
and one or two external resistors ( R 1 or R1 
and R2). Resistor R1 and capacitor Cl 
determine the frequency range of the VCO 
and resistor R2 enables the VCO to have a 
frequency offset if required. The high input 
impedance (1012£2) Q f the VCO simplifies 
the design of low-pass filters by permitting 
the designer a wide choice of resistor-to- 
capacitor ratios. In order not to load the 
low-pass filter, a source-follower output of 
the VCO input voltage is provided at terminal 
10 (DEMODULATED OUTPUT). If this 
terminal is used, a load resistor (R$) of 10 
k£2 or more should be connected from this 
terminal to Vgg. If unused this terminal 
should be left open. The VCO can be con- 
nected either directly or through frequency 
dividers to the comparator input of the 
phase comparators. A full COS/MOS logic 
swing is available at the output of the VCO 
and allows direct coupling to COS/MOS 
frequency dividers such as the RCA-CD4024, 
CD4018, CD4020, CD4Q22, CD4029, and 
CD4059. One or more CD4018 (Preset- 
table Divide-by-N Counter) or CD4029 (Pre- 
settable Up/Down Counter), or CD4059A 
(Programmable Divide-by-“N” Counter), to- 
gether with the CD4046A (Phase-Locked 
Loop) can be used to build a micropower 
low-frequency synthesizer. A logic 0 on the 
INHIBIT input “enables” the VCO and the 
source follower, while a logic 1 “turns off” 
both to minimize stand-by power consump- 
tion. 

Phase Comparators 

The phase-comparator signal input (terminal 
14) can be direct-coupled provided the signal 
swing is within COS/MOS logic levels [logic 
“0” <30% (Vdd-VssK logic “1” > 70% 
(VDD~A/ss)] . For smaller swings the signal 
must be capacitively coupled to the self- 
biasing amplifier at the signal input. 

Phase comparator I is an exclusive-OR net- 
work; it operates analagously to an over- 
driven balanced mixer. To maximize the lock 
range, the signal- and comparator-input fre- 
quencies must have a 50% duty cycle. With 
no signal or noise on the signal input, this 
phase comparator has an average output 
voltage equal to Vqq/ 2. The low-pass filter 
connected to the output of phase comparator 
I supplies the averaged voltage to the VCO 
input, and causes the VCO to oscillate at the 
center frequency (f 0 ). 

The frequency range of input signals on 
which the PLL will lock if it was initially 


Features: 

■ Very low power consumption: 

70 juW (typ.) at VCO f Q - 10 kHz, V D D = 5V 

■ Operating frequency range up to 1.2 MHz (typ.) 
at V DD = 10 V 

■ Wide supply-voltage range: Vpp — V§§ « 5 
to 15 V 


■ Low frequency drift: 0.06%/°C (typ.) 
at V DD - 10 V 



out of lock is defined as the frequency cap- 
ture range (2f c ). 

The frequency range of input signals on 
which the loop will stay locked if it was 
initially in lock is defined as the frequency 
lock range (2fi_h The capture range is < the 
lock range. 

With phase comparator I the range of fre- 
quencies over which the PLL can acquire 
lock (capture range) is dependent on the 
low-pass-filter characteristics, and can be 
made as large as the lock range. Phase-com- 


■ Choice of two phase comparators: 

1. Exclusive-OR network 

2. Edge-controlled memory network with 
phase-pulse output for lock indication 

■ High VCO linearity: 1% (typ.) 

■ VCO inhibit control for ON-OFF keying 
and ultra-low standby power consumption 

■ Source-follower output of VCO control input 
(Demod. output) 

■ Zener diode to assist supply regulation 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

Applications: 

■ FM demodulator and modulator 

■ Frequency synthesis and multiplication 

■ Frequency discriminator 

■ Data synchronization 

■ Voltage-to-frequency conversion 

■ Tone decoding 

■ FSK — Modems 

■ Signal conditioning 

■ (See ICAN-6101) “RCA COS/MOS 
Phase-Locked Loop — A Versatile 
Building Block for Micropower 
Digital and Analog Applications” 


parator I enables a PLL system to remain 
in lock in spite of high amounts of noise 
in the input signal. 

One characteristic of this type of phase com- 
parator is that it may lock onto input fre- 
quencies that are close to harmonics of the 
VCO center-frequency. A second charac- 
teristic is that the phase angle between the 
signal and the comparator input varies be- 
tween 0° and 180°, and is 90° at the center 
frequency. Fig. 2 shows the typical, trian- 
gular, phase-to-output response characteristic 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T st ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A i: 

PACKAGE TYPES D. F. K, H -55 to +125 °C 

PACKAGE TYPES E. Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal) —0.5 to +1 5 V 

POWER DISSIPATION PER PACKAGE (Pp): 

FOR T A = -40 to +60°C'(PACKAGE TYPES E. Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F. K) 500 mW 

FOR T a = +100 to + 125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range (For T A = Full Package 
Temperature Range 

3 

12 

V 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4046A Types 



SIGNAL-TO- COMPARATOR 
INPUTS PHASE DIFFERENCE 


92CS-20009 

Fig. 2 — Phase-comparator I characteristics 
at low-pass filter output. 

of phase-comparator I. Typical waveforms 
for a COS/MOS phase-locked-loop employ- 
ing phase comparator I in locked condition 
of f Q is shown in Fig. 3. 


SIGNAL INPUT (TERM. 14) 


VCO OUTPUT (TERM 4 ) * 
COMPARATOR INPUT 
(TERM 3) 

PHASE COMPARATOR I 
OUTPUT (TERM. 2) 


VCO INPUT (TERM. 9)* 
• LOW- PASS FILTER 
OUTPUT 


_n_n_n_r 


— Vss 

92CS-200KJRI 


Fig. 3 — Typical waveforms for COS/MOS phase- 
locked loop employing phase comparator 
I in locked condition of fo- 


Phase-comparator II is an edge-controlled 
digital memory network. It consists of four 
flip-flop stages, control gating, and a three- 
state output circuit comprising p- and n-type 
drivers having a common output node. When 
the p-MOS or n-MOS drivers are ON they 
pull the output up to Vdd or down to 
V$s, respectively. This type of phase com- 
parator acts only on the positive edges of 
the signal and comparator inputs. The duty 
cycles of the signal and comparator inputs 
are not important since positive transitions 
control the PLL system utilizing this type 
of comparator. If the signal-input fre- 
quency is higher than the comparator-input 
frequency, the p-type output driver is main- 
tained ON most of the time, and both the 
n and p drivers OFF (3 state) the remainder 
of the time. If the signal-input frequency 
is lower than the comparator-input frequen- 
cy, the n-type output driver is maintained 
ON most of the time, and both the n and 
p drivers OFF (3 state) the remainder of 
the time. If the signal- and comparator- 
input frequencies are the same, but the 
signal input lags the comparator input in 
phase, the n-type output driver is main- 
tained ON for a time corresponding to the 
phase difference. If the signal- and com- 
parator-input frequencies are the same, but 
the comparator input lags the signal in phase, 
the p-type output driver is maintained ON 
for a time corresponding to the phase dif- 
ference. Subsequently, the capacitor voltage 
of the low-pass filter connected to this phase 
comparator is adjusted until the signal and 
comparator inputs are equal in both phase 
and frequency. At this stable point both p- 
and n-type output drivers remain OFF and 
thus the phase comparator output becomes 
an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


Characteristic 

Test Conditions 

Limits 

All Package Types 
D,E,F,H,K,Y 

Min. | Typ. | Max. 

Units 


vo 

Volts 

vdd 

Volts 

Phase Comparator Section j 

Operating Supply Voltage, Vqq-Vss 

VCO Operation 

- 

5 

- 

15 

V 

Comparators only 

- 

3 

- 

15 

Total Quiescent Device Current, l|_: 
Term. 1 4 Open 

Term. 1 5 open 

Term. 5 at Vqd 

Terms. 3 & 9 at Vss 

5 

10 

- 

25 

200 

55 

410 

MA 

Term. 14 at V$S or Vqq 

5 

10 

15 

- 

5 

25 

50 

15 

60 

500 

Term. 14 (SIGNAL IN) 

Input Impedance, Z14 


5 

10 

15 

1 

0.2 

2 

0.4 

0.2 

- 

Mr2 

AC-Coupled Signal Input 

Voltage Sensitivity* 

(peak-to-peak) 

See Fig. 7 

5 

10 

15 

- 

200 

400 

700 

400 

800 

mV 

DC-Coupled Signal Input 
and Comparator Input 

Voltage Sensitivity 

Low Level 


5 

10 

15 

1.5 

3 

4.5 

2.25 

4.5 

6.75 

- 

V 

High Level 


v 0 

Volts 

5 

10 

15 

- 

2.75 

5.5 

8.25 

3.5 

7 

Output Drive Current: 

n-Channel (Sink), IqN 

Phase Comparator 

I & II Term. 2 & 13 

0.5 

0.5 

5 

10 

0.43 

1.3 

0.86 

2.5 

— 

mA 

Phase Pulses 

0.5 

0.5 

5 

10 

0.23 

0.7 

0.47 

1.4 

— 

p-Channel (Source), IqP 

Phase Comparator 

l& 11 Term. 2 & 13 

4.5 

9.5 

5 

10 

-0.3 

-0.9 

-0.6 

-1.8 

- 

Phase Pulses 

4.5 

9.5 

5 

10 

-0.08 

-0.25 

-0.16 

-0.5 

- 

Input Leakage Current, l|i_, l|H Max. 

Any Input 


15 

- 

±10“ 5 

±1 

juA 


* For sine wave, the frequency must be greater than 1 kHz for Phase Comparator II. 


SIGNAL INPUT (TERM. 14) 


VCO OUTPUT (TERM 4) • 
COMPARATOR INPUT 
(TERM 3) 

PHASE COMPARATOR II 
OUTPUT (TERM. 13) 


VCO INPUT (TERM. 9)* 
•LOW- PASS FILTER 
OUTPUT 

PHASE PULSE (TERM. I) 





Tr- 


“ V DD 


vss 


~^DD 

-v SS 


T 


r 


-Vdd 

-Vss 


NOTE- DASHED LINE IS AN OPEN-CIRCUIT CONDITION 92CS-200IIRI 


Fig. 4 — Typical waveforms for COS/MOS phase-locked loop 
employing phase comparator II in locked condition. 


Moreover the signal at the "phase pulses" 
output is a high level which can be used for 
indicating a locked condition. Thus, for 
phase comparator II, no phase difference 
exists between signal and comparator input 
over the full VCO frequency range. More- 
over, the power dissipation due to the low- 
pass filter is reduced when this type of phase 
comparator is used because both the p- and 
n-type output drivers are OFF for most of 


the signal input cycle. It should be noted 
that the PLL lock range for this type of phase 
comparator is equal to the capture range, 
independent of the low-pass filter. With no 
signal present at the signal input, the VCO 
is adjusted to its lowest frequency for phase 
comparator II. Fig. 4 shows typical wave- 
forms for a COS/MOS PLL employing phase 
comparator II in a locked condition. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4046A Types 


DESIGN INFORMATION 

This information is a guide for approximating 
the values of external components for the 
CD4046A in a Phase-Locked*Loop system. 
The selected external components must be 
within the following ranges: 


10kSl<R1,R2iRs<1 M ft 
Cl >100 pF at Vqd > 5 V; 

Cl >50pFat Vqd> 10 V 
In addition to the given design information 
refer to Fig.5 for R 1 , R 2, and Cl component 
selections. 


Characteristics 

Phase 

Comparator 

Used 

Design 1 nf ormation 

VCO Frequency 

1 

VCO WITHOUT OFFSET 

r 2 = °° 

VCO WITH OFFSET 

f MAX 

f M!N 

/4 

'MAX 

f MN 

y° 

l 

1 

i i 

Vbo* V 00 

VCO INPUT VOLTAGE 

V D0 

VCO INPUT VOLTAGE 

92CS-200I2RI 

2 

Same as for No.1 

For No Signal Input 

1 

VCO will adjust to center frequency, f Q 

2 

VCO will adjust to lowest operating frequency, f m j n 

Frequency Lock 

Range, 2 fi_ 

1 

2 f[_ = full VCO frequency range 

2 f L = fmax - fmin 

2 

Same as for No.1 

Frequency Capture 
Range, 2 fQ 

Loop Filter 

Component 

Selection 

1 

IN R5 OUT 

O -A/W* — o (1), (2) 

ti-Rjcz 4=cz 1 2?rfL 

l 2fc % n 

IN R3 OUT 

O-WrpO 

s R4 For 2 fp, see Ref. (2) 

92CS-2I90I 

2 

fC = f L 

Phase Angle Between 
Signal and Comparator 

1 

90° at center frequency (f 0 ) approximating 0° 
and 180° at ends of lock range (2 fL) 

2 

Always 0° in lock 




Fig.5 (a) — Typical center frequency vs Cl for 
R1 = 10 kCl, and 1 MCI and f Q ~ 1/R1 Cl. 


Fig.5 (b) — Typical frequency offset vs Cl for 
R2 = 10 kTl, 100 kCl, and 1 MCI. 


NOTE: Lower frequency values are obtainable if larger values of Cl 
than shown in Figs. 5(a) and 5(b) are used. 



Fig. 5(c) - Typical fmax^min vs R2/R1. 



Fig.6(a) - Typical VCO power dissipation at center 
frequency vs R1. 



Fig. 6(b) — Typical VCO power dissipation at 
fmin vs ^2. 



Fig. 6(c) — Typical source follower power dissipation 
vs R$. 


NOTE: To obtain approximate total power dissipation of PLL system for no-signal input 
Pq (Total) = Pp (f D ) + Pp (f|\/|IN) + P D ( R S> - Phase Comparator I 
Pp (Total) = Pp (f M IN) “ Phase Comparator II 








COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4046A Types 

DESIGN INFORMATION (Cont'd): 


Characteristics 

Phase 

Comparator 

Used 

Design Information 

Locks On Harmonic of 
Center Frequency 

1 

Yes 

2 

No 

Signal Input 

Noise Rejection 

1 

High 

2 

Low 

VCO 

Component 

Selection 

: 

■ 

1 

VCO WITHOUT OFFSET 

r 2 = o° 

VCO WITH OFFSET 

- Given: f 0 

- Use f Q with Fig. 5a to 
determine R 1 and Cl 

— Given: f Q and f[^ 

— Calculate f m j n from 
the equation 

fmin = fo~f L 

— Use f m j n with Fig. 5b 
to determine R2 and Cl 

— Calculate f . 

T mm 

from the equation 
fmax fo + fL 
fmin fo ~ fL 

, . fmax . , 

— Use with 

fmin 

Fig. 5c to determine 
ratio R2/R 1 to obtain 

R1 

2 

— Given: f max 

— Calculate f 0 from 
the equation 

, fmax 
f °“ 2 

—Use f Q with Fig. 5a to 
determine R1 and Cl 

— Given: f m j n & fmax 

— Use f m j n with Fig. 5b 
to determine R2 and Cl 

-Calculate*-™ 

fmin 

,, fmax . . _ 

— Use with Fig.5c 

fmin 

to determine 
ratio R2/R1 to 
obtain R1 


For further information, see 

(1) F. Gardner, "Phase-Lock Techniques" John Wiley and Sons, New York, 1966 

(2) G. S. Moschytz, "Miniaturized RC Filters Using Phase-Locked Loop", BSTJ, May, 1965. 



PEAK -TO- PEAK SIGNAL INPUT VOLTAGE (Vj)-mV 

92CS-2I889 




92CS- 21890 


Fig. 7 — Typical lock range vs signal input amplitude. 


Fig. 8 (a) and (b) - Typical VCO linearity vs R1 and Cl. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4046A Types 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


Characteristic 

Test 

Conditions 

Limits 

All Package Types 
D,E,F,H,K,Y 

Min. | Typ. | Max. 

Units 


Vo 

Volts 

VDD 

Volts 

VCO Section 

Operating Supply Voltage 

As fixed oscillator only 


3 

- 

15 

V 

VDD-Vss 

Phase-lock-loop operation 


5 

- 

15 

Operating Power 
Dissipation, Pq 

f Q = 10 kHz RpIMfi 

Rj " vco IN .!to 

5 

- 

70 

- 

AiW 

10 

- 

600 

- 

15 

- 

2400 

- 

Maximum Operating 
Frequency, f ma x 

R1 = 10 kn 

R 2 =0° 

VCO|N = Vqd 

Cl = 100 pF 

5 

0.25 

0.5 

- 

MHz 

Cl = 50 pF 

10 

0.6 

1.2 

- 

15 

- 

1.5 

- 

Center Frequency (f Q ) and 
Frequency Range, 

fmax~fmin 

Programmable with external components R1, R2, and Cl 

See Design Information 

Linearity 

VCO | fsj = 2.5 V ± 0.3 V, R1 > 10 kfi 

5 

- 

1 

- 

% 

= 5 V ± 2.5 V, R1 >400 kft 

10 

- 

1 

“ 

= 7.5 V ± 5 V, R 1 =1 

15 

- 

1 


Temperature-Frequency 

Stability®: 

No Frequency Offset 

fMIN = 0 

%/°C<x 

f-VQD 

R2 = “ 

5 

10 

15 

- 

0.12-0.24 

0.04-0.08 

0.015-0.03 

- 

%/°C 

Frequency Offset 

fMIN^O 

o/ 0 /o Ca ! 

<Vdd 

5 

10 

15 

- 

0.06-0.12 

0.05-0.1 

0.03-0.06 

- 

Input Resistance of 

VCO|N (Term 9), R| 


5,10,15 

- 

1012 

- 

n 

VCO Output Voltage 
(Term 4) 

Low Level, Vql 

Driving COS/MOS-Type 

Load (e.g. Term 3 

Phase Comparator Input) 

5,10,15 

- 

- 

0.01 

V 

High Level, Vqh 

5 

10 

15 

4.99 

9.99 

14.99 

- 

- 

VCO Output Duty Cycle 



5,10,15 

- 

50 

- 

% 

VCO Output T ransition 
Times, tTHL. tJLH 


Vo 

Volts 

5 

10 

15 

- 

75 

50 

40 

150 

100 

ns 

VCO Output Drive 
Current: 

n-Channel (Sink), IqN 


0.5 

0.5 

5 

10 

0.43 

1.3 

0.86 

2.6 

- 

mA 

p-Channel (Source), IpP 


4.5 

9.5 

5 

10 

-0.3 

-0.9 

-0.6 

-1.8 

~ 

Source-Follower Output 
(Demodulated Output): 
Offset Voltage 

(VCO|n-VdEM) 

RS > 10 k£2 

5,10 

15 

- 

1.5 

1.5 

2.2 

V 

Linearity 

RS>50kH 

VCO|N = 2.5±0.3 V 

= 5±2.5 V 

= 7.5±5 V 

5 

10 

15 

- 

0.1 

0.6 

0.8 

- 

% 

Zener Diode Voltage ( V z ) : 
CD4046AD,AF,AK 

i_ 

= 50 ijlA 


4.7 

5.2 

5.7 


CD4046AE,AY 

*2 


4.5 

5.2 

6.1 

V 

Zener Dynamic 

Resistance, Rz 

Iz - 1 mA 


- 

100 

- 

n 


• Positive coefficient. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4047A Types 

COS/MOS Low-Power 

Monostable/Astable 

Multivibrator 

The RCA-CD4047A consists of a gatable 
astable multivibrator with logic techniques 
incorporated to permit positive or negative 
edge-triggered monostable multivibrator 
action with retriggering and external count- 
ing options. 

Inputs include +TRIGGER, —TRIGGER, 
ASTABLE, ASTABLE, RETRIGGER, and 
EXT_ERNAL RESET. Buffered outputs are 
Q, Q, and OSCILLATOR. In all modes of 
operation an external capacitor must be con- 
nected between C-Timing and RC-Common 
terminals, and an external resistor must be 
connected between the R-Timing and RC- 
Common terminals. 

Astable operation is enabled by a high level 
on the ASTABLE input. TTie period of the 
square wave at the Q and Q Outputs in this 
mode of operation is a function of the ex- 
ternal components employed. 'True" input 
pulses on the ASTABLE input or " Com- 
plement" pulses on the ASTABLE input 
allow the circuit to be used as a gatable 
multivibrator. The OSCILLATOR output 
period will be half of the Q terminal output 
in the astable mode. However, a 50% duty 
cycle is not guaranteed at this output. 

In the monostable mode, positive-edge 
triggering is accomplished by application of 
a leading-edge pulse to the +TRIGGER 
input and a low level to the —TRIGGER 
input. For negative-edge triggering, a trailing- 
edge pulse is applied to the —TRIGGER and 
a high level is applied to the +TRIGGER. 
Input pulses may be of any duration relative 
to the output pulse. The multivibrator can 
be retriggered (on the leading edge only) by 
applying a common pulse to both the 
RETRIGGER and -TRIGGER inputs. In 
this mode the output pulse remains high as 
long as the input pulse period is shorter than 
the period determined by the RC compo- 
nents. 

An external countdown option can be imple- 
mented by coupling "Q" to an external 
"N" counter and resetting the counter with 
the trigger pulse. The counte r output pulse is 
fed back to the ASTABLE input and has a 
duration equal to N times the period of the 
multivibrator. 

A high level on the EXTERNAL RESET 
input assures no output pulse during an 
"ON" power condition. This input can also 
be activated to terminate the output pulse at 
any time. In the monostable mode, a high- 
level or power-on reset pulse, must be 
applied to the EXTERNAL RESET when- 
ever Vdd is applied. 


The CD4047A-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D,F, and Y suffixes), 14-lead dual-in- 
line plastic packages (E suffix), 14-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

Features: 

■ Low power consumption: special 
COS/MOS oscillator configuration 

■ Monostable (one-shot) or astable 
(free-running) operation 

■ True and complemented buffered 
outputs 

■ Only one external R and C required 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 

1 fjA at 15 V (full package-temperature 
range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Monostable Multivibrator Features: 

■ Positive- or negative-edge trigger 

■ Output pulse width independent of 
trigger pulse duration 

■ Retriggerable option for pulse width 
expansion 

■ Long pulse widths possible using small 
RC components by means of external 
counter provision 

■ Fast recovery time essentially independent 
of pulse width 

■ Pulse-width accuracy maintained at duty 
cycles approaching 100% 


c 


V DD 

R 


0SC OUT 

R-C COMMON 

13 

3 12 

RETRIGGER 

astAble 


5 

ASTABLE 

5 10 

Q 

-TRIGGER 

£X.T. RESET 

V SS 

7 8 

♦ TRIGGER 


92CS - 

-2I43IRI 

CD4047A 


Terminal Diagram 


Astable Multivibrator Features: 

■ Free-running or gatable operating modes 

■ 50% duty cycle 

■ Oscillator output available 

■ Good astable frequency stability: 

Frequency deviation: 

=±Z% + 0.03%/°C @ 100 kHz 
=±0.5% + 0.015%/°C @ 10 kHz 
(circuits "trimmed" to frequency 
V DD = 10 V ± 10%) 

Applications : 

Digital equipment where low-power dissipa- 
tion and/or high noise immunity are primary 
design requirements: 

■ Envelope detection 

■ Frequency multiplication 
• Frequency division 



Fig. 1 — CD4047A logic block diagram. 92cs-2oo26R2 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65to+150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPES E, Y -40 to +85 C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal): —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T a = -40 to +60 °C (PACKAGE TYPES E,Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E,Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +1 00 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265°C 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4047A Types 

RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 





LIMITS 



CHARACTERISTIC 

D 

Q 

> 

D,F f K,H 

Packages 

E.Y 

Packages 

UNITS 



Min. 

Max. 

Min. 

Max. 


Supply-Voltage Range (For Ta=FuII 

Package- Temperature Range) 


3 

12 

3 

12 

V 

Input Pulse Width, t w 

5 

1000 



1300 



ns 

(Any Input) 

10 

400 

- 

600 

- 

Trigger, Retrigger 

5 

_ 

15 

_ 

15 

Ms 

Rise or Fall Time, t r , tf 

10 

- 

5 

- 

5 



92CS-2I3S6 

Fig. 2 — Typical output n -channel drain 

characteristics for Q and Q buffers. 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristics 

Conditions 

Limits at indicated Temperatures (°C) 

Units 

D,K,F,H Packages 

E, Y Packages 

Vo 

(V) 

V|N 

(V) 

VDD 

(V) 

cc 

+25 


-40 

+25 

+85 

03 

Typ. 

Limil 

+i« 

Typ. 

Limit 

Quiescent Device 
Current l|_ Max. 

- 


5 

5 

0.03 

5 

300 

50 

0.1 

50 

700 

pA 

- 

- 

10 

10 

0.05 

10 

600 

100 

0.2 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 

Low- Level, 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min., 10 Typ. 

Noise Immunity: 
Inputs Low, 

VNL 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

VNH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

VNML 

4.5 


5 

1 Min. 

V 

9 


10 

1 Min. 

Inputs High, 

Vnmh 

0.5 


5 

1 Min. 

1 


10 

1 Min. 

Output Drive 

Current: 

(0,0 Outputs) 

n-channel 

(Sink), 

IqN Min. 

0.5 

- 

5 

0.5 

0.8 

0.4 

0.28 

0.34 

0.8 

0.28 

0.23 

mA 

0.5 

- 

10 

1.25 

2 

1 

0.7 

0.85 

2 

0.7 

0.6 

p-Channel 
(Source) : 

IqP Min. 

4.5 

- 

5 

-0.5 

-0.8 

-0.4 

00 

04 

o' 

-0.34 

-0.8 

-0.28 

-0.23 

9.5 

- 

10 

1.25 

-2 

-1 

-0.7 

-0.85 

-2 

-0.7 

-0.6 

Input Leakage 
Current, 

IlL.IlH 

An 

a. 

i 

> 

ut 

15 

±10 5 Typ., ±1 Max. 

MA 



Fig. 3 — Minimum output n-channel drain 
characteristics for Q and Q buffers. 


DRAIN -TO- SOURCE VOLTAGE (Vds> — V 



Fig. 4. — Typical output p-channel drain 

characteristics for Q and Q buffers. 


DRAIN-TO- SOURCE VOLTAGE (V DS )— V 



Fig. 5 — Minimum output p-channel drain 
characteristics for Q and Q buffers. 


471 







COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4047A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , tf = 20 ns, C L = 15 pF, 

R l_ = 200 


CHARACTERISTICS 


LIMITS 

UNITS 

TEST 

CONDITIONS 

D'F.K'H 

Packages 

E,Y 

Packages 


v D d 

(Volts) 

Min. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Propagation Delay Time: 
t PHL - t PLH 

Astable, Astable 
to Osc. Out 


5 

- 

200 

400 

- 

200 

550 

ns 

10 

- 

100 

200 

- 

100 

275 

Astable, Astable 
to Q, Q 


5 

- 

550 

900 

- 

550 

1200 

10 

- 

250 

500 

- 

250 

650 

+Trigger, -Trigger 
to Q,Q 


5 

- 

700 

1200 

- 

700 

1600 

10 

- 

300 

600 

- 

300 

800 

+Trigger, Retrigger 
to Q, Q 


5 

- 

300 

600 

- 

300 

800 

10 

- 

175 

300 

- 

175 

400 

External Reset 
to Q,Q 


5 

- 

300 

600 

- 

300 

800 

10 

- 

125 

250 

- 

125 

350 

Transition Time: 

^HL - tTLH 

Q,Q 


5 

- 

75 

125 

- 

75 

150 

ns 

10 

- 

45 

75 

- 

45 

100 

Osc. Out 


5 

-< 

75 

150 

- 

75 

180 

10 

- 

45 

100 

- 

45 

130 

Minimum Input Pulse 
Width (any input), tyy* 


5 

- 

500 

1000 

- 

500 

1300 

ns 

10 

- 

200 

400 

- 

200 

600 

+Trigger, Retrigger 

Rise & Fall Time, t r , tf 


5 

- 

- 

15 

- 

- 

15 

/* 

10 

- 

- 

5 

- 

- 

5 

Average Input 
Capacitance, Cj 

Any 

Input 

- 

- 

5 

- 

- 

5 

- 

pF 


* Input pulse widths below the minimum specified may cause malfunction of the unit. 
See Application Note ICAN - 6230 


CD4047A FUNCTIONAL TERMINAL CONNECTIONS 

NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2 AND 3* 
EXTERNAL CAPACITY BETWEEN TERMINALS 1 AND 3* 


FUNCTION 

TERMINAL CONNECTIONS 

OUTPUT 

PULSE 

FROM 

OUTPUT PERIOD 
OR 

PULSE WIDTH 

TO V DD 

TO V S S 

INPUT 

PULSE 

TO 

Astable Multivibrator: 






Free Running 

4,5,6,14 

7,8,9,12 

- 

10,11,13 

t A (10,11)=4.40 RC 

True Gating 

4,6,14 

7,8,9,12 

5 

10,11,13 

tA(13)=2.20 RC 

Complement Gating 

6,14 

5,7,8,9,12 

4 

10,11,13 


Monostable Multivibrator: 






Positive-Edge Trigger 

4,14 

5,6,7,9,12 

8 

10,11 


Negative-Edge Trigger 

4,8,14 

5,7,9,12 

6 

10,11 

tM(10,11)=2.48 RC 

Retriggerable 

4,14 

5,6, 7,9 

8,12 

10,11 


External Countdown* 

14 

5,6,7,8,9,12 

- 

10,11 



* Input Pulse to Reset of External Counting Chip A See Text. 

External Counting Chip Output To Terminal 4 



Fig. 6 — Typical low-to-high level propagation 
delay time vs load capacitance for Q 
and Q buffers. 



Fig. 7 — Typical transition time vs load capa- 
citance for Q and Q buffers. 

I. Astable Mode Design Information 
A. Unit-to-Unit Transfer-Voltage 
Variations. 

The following analysis presents worst- 
case variations from unit to unit as a 
function of transfer-voltage (Vyp) 
shift (33%— 67% Vqd) for free- 
running (astable) operation. 


TERMINAL ,3jVL2dVL*r 
terminal to J tA/2 ~ 1 f A/2 I 

t* — ' a ~H 

92CS- 20027 

Fig. 8 — Astable mode waveforms. 


t 1 = -RC In 

t2 - — RC In 


V TR 

V DD + V TR 

V DD~ V TR 
2V D d - V TR 


t A - 2 {t-i + t 2 ) 

< v trHv D d~ V TR> 

= -2 RC In 

(V DD + V tr )(2V dd - V TR ) 


Typ: V tr = 0.5V dd 
M in: V TR = 0.33V DD 
Max: V TR = 0.67 V DD 


t A = 4.40 RC 
t A = 4.62 RC 
t A = 4.62 RC 


thus if 


t A - 4.40 RC 


is used, the maximum 


variation will be (+5.0%, —0.0%). 
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CD4047A Types 



8. Variations Due to Vqq and Temperature 
Changes 

In addition to variations from unit to 
unit, the astable period may vary as a 
function of frequency with respect to 


Vqd anc * temperature. Typical variations 
are presented in graphical form in Figs. 
10 to 20 with 10 V as reference for 
voltage variation curves and 25°C as 
reference for temperature variation curves. 
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SUPPLY VOLTAGE <V 00 )-V 92C5 . 2144| 


Fig. 10 — Typical Q-and-U-period accuracy 
vs supply voltage (high frequency ). 



Fig. 11 — Typical Q-and-Q-period accuracy 

vs supply voltage (medium frequency ) 
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SUPPLY VOLTAGE (V 00 )— V 92CS . 2I44 , 

Fig. 12— Typical Q-and-Q-period accuracy 
vs supply voltage (low frequency) . 
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SUPPLY VOLTAGE (V DD ) — V 

92CS-ZI444 


Fig. 13 — Typical Q-and-Q- period accuracy 

vs supply voltage (very low frequency). ^ 



92CS-2 I 390 

Fig. 14 — Typical Q-and 8 -period accuracy 


vs frequency for V qq variation 
of ± 10% from value indicated. 
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SUPPLY VOLTAGE (V DD )—V 92CS-2I445 

Fig. 15 — Typical oscillator-output-period 


accuracy vs supply voltage (high 
frequency). 
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SUPPLY VOLTAGE (V D0 >— V 92C5 _ 2 , 446 

Fig. 16 — Typical oscillator-output-period 


accuracy vs supply voltage 
(medium frequency ) . 



Fig. 17 — Typical Q- and 8-period accuracy 

vs temperature (medium frequency). 
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AMBIENT TEMPERATURE (T A ) — *C 92CS-2I- 

Fig. 18 — Typical Q- and Q- period accuracy 
vs temperature (high frequency). 



AMBIENT TEMPERATURE (T A » — *C 92CS-2W49 

Fig. 19 — Typical oscillator-period accuracy 

vs temperature ( medium frequency). 



AMBIENT TEMPERATURE (T A ) — *C 


Fig. 20 — Typical oscillator-period accuracy 
vs temperature (high frequency ). 


II. Mortostable Mode Design Information 

The following analysis presents worst- 
case variations from unit to unit as a 
function of transfer-voltage (Vyp) shift 
(33% — 67% Vpp) for one-shot (mono- 
stable) operation. 


TERMINAL 8 
TERMINAL 13 
TERMINAL 10 


J1 H 


-Trbtj fti 7 liil 



92CS- 20028 


Fig. 21 — Monostable waveforms. 


t<i'= -RC In 


/ TR 


2V 


DD 


tM = (ti' + t 2 ) 

„„ . (V TR> < V DD“ V TR> 

t M = ,n 

< 2V DD “ V TR> < 2 v DD^ 


where t|\/j = Monostable mode pulse width, 
Values for tjyj are as follows: 

Typ: Vyp = 0.5 Vpp tjy/j = 2.48 RC 

Min: Vyp = 0.33 Vpp t|yj = 2.71 RC 

Max. Vyp = 0.67 V DD t M = 2.48 RC 


tjy| = 2.48 RC 


is used, the maximum 


variation will be (+9.3%, —0.0%). 


Note: 

In the astable mode, the first positive half 
cycle has a duration of T|yj; succeeding 
durations are t/\/2. 


In addition to variations from unit to unit, 
the monostable pulse width may vary as a 
function of frequency with respect to Vpp 
and temperature. These variations are 
presented in graphical form in Fig. 22 to 27 
with 10 V as reference for voltage-variation 
curves and 25°C as reference for temper- 
ature-variation curves. 



SUPPLY VOLTAGE (V DD )— V 92CS-2.45 

Fig. 22 — Typical Q- and Q-pu/se-width 
accuracy vs supply voltage 
(t M = 15, 60, 120 fJLs). 
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SUPPLY VOLTAGE <V DD ) — V 

92CS- 21430 

Fig. 24 — Typical Q- and IT- pulse-width 
accuracy vs supply voltage 
(t/y^ 100ms). 



Fig. 26 - Typical Q and Q pulse-width 
accuracy vs temperature 
(high frequency). 



SUPPLY VOLTAGE tV DD >— V 92CS _^ 

Fig. 23 — Typical Q- and Q-pufse-width 


accuracy vs supply voltage 
(tjm = 0.5, 1, 10 ms). 
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Fig. 25 — Typical Q- and Q pulse-width 

accuracy vs Q and Q pulse width 
for a variation of + 10% from 
value indicated. 



Fig. 27 — Typical Q and Q pulse-width 
accuracy range vs temperature. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4047A Types 

III. Retrigger Mode Operation 

The CD4047A can be used in the 
retrigger mode to extend the output- 
pulse duration, or to compare the fre- 
quency of an input signal with that of 
the internal oscillator. In the retrigger 
mode the input pulse is applied to 
terminals 8 and 12, and the output is 
taken from terminal 1 0 or 1 1 . As shown 
in Fig. 29, normal monostable action is 
obtained when one retrigger pulse is 
applied. Extended pulse duration is 
obtained when more than one pulse is 
applied. For two input pulses, tp£=ti' 
+ t-j + 2t£. For more than two pulses, 
tpg (Q OUTPUT), terminates at some 
variable time, tp, after the termination 
of the last retrigger pulse, to is variable 
because tRE (Q OUTPUT) terminates 
after the second positive edge of the 
oscillator output appears at flip-flop 4 
(see Fig. 9). 

IV. External Counter Option 

Time t^ can be extended by any a- 
mount with the use of external counting 
circuitry. Advantages include digitally 
controlled pulse duration, small timing 
capacitors for long time periods, and 
extremely fast recovery time. A typical 
implementation is shown in Fig. 28. 
The pulse duration at the output is 
*ext = (N— 1 + (t[y| + t/^/2) 

where t ext = pulse duration of the cir- 
cuitry, and N is the number of counts 
used. 


V. Timing-Component Limitations 

The capacitor used in the circuit should 
be non-polarized and have low leakage(i.e. 
the parallel resistance of the capacitor 
should be an order of magnitude greater 
than the external resistor used). There is 
no upper or lower limit for either R or C 
value to maintain oscillation. 

However, in consideration of accuracy, C 
must be much larger than the inherent 
stray capacitance in the system (unless 
this capacitance can be measured and 
taken into account). R must be much 
larger than the COS/MOS "ON" resist- 
ance in series with it, which typically is 
hundreds of ohms. In addition, with 
very large values of R, some short-term 
instability with respect to time may be 
noted. 

The recommended values for these 
components to maintain agreement with 
previously calculated formulas without 
trimming should be: 

C ^ 100 pF, up to any practical value, for 
astable modes; 

C ^ 1000 pF, up to any practical value 
for monostable modes. 

10 k!2<R <1 


VI. Power Consumption 

In the standby mode (Monostable or 
Astable), power dissipation will be a 
function of leakage current in the 
circuit, as shown in the static electrical 
characteristics. For dynamic operation, 
the power needed to charge the external 
timing capacitor C is given by the 
following formulae: 

Astable Mode: P = 2CV 2 f. (Output at 
terminal No. 13) 

P = 4CV2f. (Output at 
terminal Nos. 10 and 11) 

Monostable Mode: 

p _ (2.9CV2) (Duty Cycle) 

T 

(Output at terminal 

Nos. 10 and 11) 


The circuit is designed so that most of 
the total power is consumed in the 
external components. In practice, the 
lower the values of frequency and 
voltage used, the closer the actual power 
dissipation will be to the calculated 
value. 

Because the power dissipation does not 
depend on R, a design for minimum 
power dissipation would be a small 
value of C. The value of R would 
depend on the desired period (within 
the limitations discussed above). See 
Figs. 30—32 for typical power con- 
sumption in astable mode. 



92CS-20030R2 


Fig. 28 — Implementation of external 
counter option. 



Fig. 30 — Power dissipation vs output 
frequency (V DD = 5 V). 



92CS-2I4 1 3 

Fig. 31 — Power dissipation vs output 
frequency (V qq = 10 V). 



frequency (V qq= 15 V). 
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Fig. 29 — Retrigger-mode waveforms. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4048A Types 


COS/MOS Multi-Function 
Expandable 8-Input Gate 

The RCA- CD4048A is an 8-input gate 
having four control inputs. Three binary 
control inputs — Ka, Kb, and Kc — provide 
the implementation of eight different logic 
functions. These functions are OR, NOR, 
AND, NAND, OR/AND, OR/NAND, AND/ 
OR, and AND/NOR. 

A fourth control input — Kd — provides the 
user with 3-state outputs. When control 
input Kd is high the output is either a logic 
1 or a logic 0 depending on the input states. 
When control input Kd is low, the output is 


an open circuit. This feature enables the 
user to connect this device to a common 
bus line. 

In addition to the eight input lines, an 
EXPAND input is provided that permits the 
user to increase the number of inputs to one 
CD4048A, (see Fig. 6). For example, two 
CD4048A*s can be cascaded to provide a 
16-input multifunction gate. When the 
EXPAND input is not used, it should be 
connected to Vss. 

The CD4048A-Series types are supplied in 
16-lead hermetic dual-in-line ceramic 
packages (D, F, and Y suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F K, H -55 to +125 °C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vss Terminal): —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T a = -40 to +60 °C (PACKAGE TYPES E,Y) 500 mW 

FOR T a = +60 to +85 °C (PACKAGE TYPES E,Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . .100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1 .59 ±0.79 mm) from case for 10 s max . +265 °C 



Fig. 1 — Basic logic configurations. 



RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E.Y 

Packages 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (For T^ = Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 


BINARY CONTROL INPUTS 


FUNCTION CONTROL 



92CS-22249 


CD4048A 
Functional Diagram 


Features: 

■ Medium-power TTL drive capability 

■ Three-state output 

■ High -current source and sink capability 

9 mA (typ.) @ V DS = 0.5 V, V DD = 10 V 
• Many logic functions available in one 
package 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package- 
temperature range) 


Applications: 

■ Selection of up to 8 logic functions 

■ Digital control of logic 

■ General-purpose gating logic 
— Decoding 

— Encoding 



Fig. 2— Typical output n-channel drain 
characteristics . 
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QOS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4048A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D,K,F,H Packages 

E, Y Packages 

V 0 

<V) 

V| N 

<V) 

V DD 

(V) 

—55 

+25 

+125 

-40 

+25 

+85 


Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current \\_ Max. 

- 


5 

1 

0.005 

1 

60 

10 

0.01 

10 

140 

ma 

- 

H 

ai 

HI 

0.01 

2 


gH 

0.02 

20 

280 

- 


m 

E3 

0.5 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low Level, 

v OL 

1 

5 

5 

0 Typ.; 0.05 Max. 


- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 
v OH 

- 

0 

5 

4.95 Min.; 5 Typ. 

n 

0 

10 

9.95 Min.; 10 Typ. 

Noise immunity: 
Inputs Low, 

Vnl 

B 

a 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

V NH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 


3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 
V NML 

■ 

a 

5 

1 Min. 

V 

9 


10 

1 Min. 

Inputs High, 
V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel(Sink) 
l D N Min. 

0.4 

B 

a 

H 


1.6 

1.1 

1.9 

I 

1.6 

1.3 

mA 

0.5 

- 

m 

m 

a 

m 


m 

a 


a 

p-channel 

(Source), 

IpP Min. 

B 

fl 

B 

-2 


-1.6 

a 

1 

-3.2 

-1.6 

B 

9.5 

- 

10 

s 


; jjy| 

-3.1 

-3.8 

-9 

-3.15 

-2.6 

Input Leakage 
Current, 

1 IL'*IH 

1 


1 

+ 10~ 5 Typ„ ±1 Max. 

pA 

3-State Output 
Leakage Current 

'OU'OH 

Forced 

(Output Disabled) 
- | - | 15 

±10 — 4 Typ., ±2 Max. 

HA 



DRAIN -TO -SOURCE VOLTAGE (V DS ) — V 

92CS-22254RI 

Fig. 3 — Minimum output n-channel drain 
characteristics . 


DRAIN -TO -SOURCE VOLTAGE (Vo$>— V 



characteristics. 

DRAIN -TO -SOURCE VOLTAGE (V os ) — V 



Fig. 5— Minimum output p-channef drain 
characteristics. 



Fig. 6 — Typical power dissipation as a 
function of input frequency. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4048A Types 

DYNAMIC ELECTRICAL CHARACTERISTCS at T A = 25°C and C L = 15 pF and 50 pF # 

Typical Temperature Coefficient for all values of Vpp = 0.3%/°C R|_ = 200 k£2 

C L = 15 pF 





LIMITS 


CHARACTERISTIC 

TEST 

CONDITIONS 

D,F,K,H 

Packages 

E.Y 

Packages 

UNITS 



, V ° D , 

(Volts) 

TYP. 

MAX.* 

TYP. 

MAX.* 


Propagation Delay Time 


5 

750 

1300 

750 

1600 


t PHL 


10 

225 

400 

225 

500 


Transition Time: 


5 

90 

140 

90 

170 

ns 

High-to-Low Level ty|_||_ 


10 

30 

50 

30 

65 

Low-to-High Level ty^ 


5 

130 

250 

130 

300 

ns 


10 

40 

60 

40 

75 

Input Capacitance Cj 

Any Input 


5 

- 

5 

- 

pF 

C L = 50 pF 

Propagation Delay Time 


5 

775 

1350 

775 

1650 


tPLH'tpHL 


10 

240 

430 

240 

530 


Transition Time: 


5 

105 

170 

105 

200 


High-to-Low Level tyj_||_ 


10 

40 

70 

40 

85 


Low-to-High Level tyj_^ 


5 

145 

280 

145 

330 



10 

50 

80 

50 

95 


Input Capacitance C| 

Any Input 


5 

- 

5 

- 

PF 


* Max. Limits represent worst -case limits for worst-case modes of operation shown in Figs. 15, 16, and 17. 




Fig. 9— Typical high-to-low level transition 

time as a function of load capacitance. 


Fig. 19r Quiescent-device-current 
test circuit. 



LOAD CAPACITANCE (C U )«pF 

92CS -22256 


Fig. 7— Typical propagation delay time as a 
function of load capacitance. 



Fig. Si— Typical low-to-high level transition 

time as a function of load capacitance. 


v oo 



Fig. 1 1 \ — Noise-immunity 
test circuit. 


M£> 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 00 AND Vgg 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

v do orv ss - 


9c C5 - 274 02 

Fig. 12— Input-leakage-current 
test circuit 


TEST CIRCUITS - DYNAMIC MEASURMENTS 


vdd 



r f V -50% 


TPUT~V 

»THL“Hr -n r-’TLH 


92CS -22265 


Fig. 13- t THL , t TLH - AND/NOR. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4048A Types 


NOR 



0 - 0-0 


AND 




V DD 



J » (A+B + C + D) - (E+F + G + H)* ( XI + X2 + X3 + X4) 


Fig. 14 (a) — 12-input OR /AND gate. 


OR FUNCTION 



J*A| +B| 4-Cj +D| -fE| +Fj +6| +H| 4- A 2 +B 2 +C 2 +D 2 +E 2 "FF 2 + 62 +H 2 


Fig. 14 (b) — 16-input NOR gate. 
Applications of Expand Input 


IMPLEMENTATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 


OUTPUT 

FUNCTION 

FUNCTION 
NEEDED AT 
EXPAND INPUT 

OUTPUT BOOLEAN 
EXPRESSION 

NOR 

OR 

J=(A+B+C+D+E+F+G+H)+(EXP) 

OR 

OR 

J=(A+B+C+D+E+F+G+H)+(EXP) 

AND 

NAND 

J=(ABCDEFGH)(EXP) 

NAND 

NAND 

J=(ABCDEFGH)(EXP) 

OR/AND 

NOR 

J=(A+B+C+D)(E+F+G+H)(EXP) 

OR/NAND 

NOR 

J=(A+B+C+D)(E+F+G+H)(EXP) 

AND/NOR 

AND 

J=(ABCD)+(EFGH)+(EXP) 

AND/OR 

AND 

J=(ABCD)+(EFGH)+(EXP) 


Note: (EXP) designates the EXPAND function (i.e., X1+X2+ ■ . . X|\j). 




ANO/NOR 


OR/NAND 




OR /AND 



92CS— 22252 


Fig. 14 (c) — Acutal-circuit logic configurations. 


Fig. 14 - Expansion logic and truth table. 


VQD 



VSS 



92CS-22263 


Fig. 15- t pLH - NAND. 


vdd 




92CS- 22264 


Fig. 16— tpi_if_ — AND. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4048A Types 



TG = Transmission Gate 
Input to Output is: 

a) A bidirectional low impedance when 
control input 1 is low and control 

2 is high. 

b) An open circuit when control input 1 
is high and control input 2 is low. 

92CM-2225IRI 


FUNCTION TRUTH TABLE 


OUTPUT 

FUNCTION 

BOOLEAN EXPRESSION 

K a 

K b 

K c 

UNUSED 

INPUT* 

NOR 

J=A+B+CtD+E+F+G+H 

0 

0 

0 

v ss 

OR 

J=A+B+C+D+E+F+G+H 

0 

0 

1 

v ss 

OR/AND 

XA+B+C+DME+F+G+H) 

0 

1 

0 

v ss 

OR/NAND 

J=(A+B+C+DME+F+G+H) 

0 

1 

1 

v ss 

AND 

J=ABCDEFGH 

1 

0 

0 

V DD 

NAND 

J=ABCDEFGH 

1 

0 

1 

V DD 

AND/NOR 

J=ABCD+EFGH 

1 

1 

0 

V DD 

AND/OR 

J=ABCD+EFGH 

1 

1 

1 

V DD 

K^=1 Normal Inverter Action 

K c j=0 High Impedance Output 


EXPAND lnput=0 *See Figs. 1 and 7. 


Fig. 17~ Logic diagram and truth table. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4049A, CD4050A Types 


COS/MOS Hex Buffer/Converters 


CD4049 A— Inverting Type 
CD4050A— Non-Inverting Type 

The CD4049A and CD4050A are inverting 
and non-inverting hex buffers, respectively, 
and feature logic-level conversion using only 
one supply voltage (Vcc)- The input-signal 
high level (V|h) can exceed the Vcc su PPly 
voltage when these devices are used for logic- 
level conversions. These devices are intended 
for use as COS/MOS to DTL/TTL converters 
and can drive directly two DTL/TTL loads. 
(Vcc=5V,VoL>0.4V,and l D N>3.2mA.) 

The CD4049A and CD4050A are designated 
as replacements for CD4009A and CD4010A, 
respectively. Because the CD4049A and 
CD4050A require only one power supply, 
they are preferred over the CD4009A and 
CD4010A and should be used in place of the 
CD4009A and CD4010A in all inverter, cur- 
rent driver, or logic-level conversion appli- 
cations. In these applications the CD4049A 
and CD4050A are pin compatible with the 
CD4009A and CD401QA respectively, and 
can be substituted for these devices in 
existing as well as in new designs. Terminal 
No. 16 is not connected internally on the 
CD4049A or CD4050A, therefore, connection 
to this terminal is of no consequence to cir- 
cuit operation. For applications not re- 
quiring high sink-current or voltage conver- 
sion, the CD4069 Hex Inverter is recom- 
mended. 

The CD4049A and CD4050A types are sup- 
plied in 16-lead hermetic dual-in-line ceramic 
packages (D, F, and Y suffixes), 16-lead 
dual-in-line plastic package (E suffix), 16-lead 
ceramic flat package (K suffix), and in chip 
form (H suffix). 

Features: 

■ High sink current for driving 2 TTL loads 

■ High-to-low level logic conversion 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 pA at 15 V 
(full package-temperature range) 

Applications: 

■ COS/MOS to DTL/TTL hex converter 

■ COS/MOS current "sink" or "source" 
driver 

■ COS/MOS high-to-low logic-level 
converter 



RECOMMENDED OPERATING CONDITIONS at T A =25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply -Voltage Range (Vqq) (ForT A =Full Package- 
Temperature Range) 

3 

12 

V 

Input Voltage Range ( V | ) 

< 

o 

o 

12 

V 


*The CD4049 and CD4050 have high-to-low-level voltage conversion capability but not 
low-to-high-level; therefore it is recommended that Vj ^ Vqq. 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditio 


Limits at Indicated Temperatures (°C) 1 

Units 

ns 

D,K,F,H Pack a$ 

ms 

E,Y Packages \ 

V 0 

(V) 

V| N 

<V) 

v C c 

(V) 

-55 

+25 

+125 

-40 

+25 | 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent 
Device 
Current, 
lj_ Max. 





5 

0.3 

0.01 

0.3 

20 

3 

0.03 

3 

42 

pA 

- 

- 

10 

0.5 

0.01 

0.5 

30 

5 

0.05 

5 

70 

— 

- 

15 

10 

0.02 

10 

100 

50 

0.05 

50 

500 

Output 

Voltage: 

Low-Level, 

V 0 L 


0, 5 

5 

0 Typ.; 0.05 Max. 

V 

— 

0, 10 

10 

0 Typ.; 0.05 Max. 

High-Level, 

v OH 

- 

0,5 

5 

4.95 Min.; 5 Typ. 

- 

0, 10 

10 

9.95 Min.; 10 Typ. 

Noise 
Immunity: 
Inputs Low, 

Vnl 

CD4050A 

3.6 


5 

1.5 Min ; 2.25 Typ. 

V 

7.2 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High, 

\/... . 
w INM 

All Types 

1.4 

- 

5 

1.5 Min.; 2.25 Typ. 

2.8 

— 

10 

3 Min.; 4.5 Typ. 

Inputs Low, 

Vnl 

CD4049A 

3.6 

- 

5 

1 Min.; 1 .5 Typ. 

7.2 

- 

10 

2 Min.; 3 Typ. 

Noise 

Margin: 
Inputs Low, 

V NML Min - 
CD4050A 

4.5 


5 

1 Min. 

V 

9 

— 

10 

1 Min. 

Inputs High, 

V N mh Min - 

CD4050A 

0.5 

— 

5 

1 Min. 

1 

— 

10 

1 Min. 

■ 

0.4 

■ 

H 

3.3 

5.2 

2.6 

1.8 

3.1 

5.2 

2.6 

2.1 

mA 

0.4 

- 

Ll_ 

G£3 

6 

3 

2.1 

■nni 

6 

3 

IE9 

0.5 

- 

\m 

|10 

16 

8 

5.6 

9.6 

16 

8 

| 6.6 

P-Channel 
(Source), 
l[)P Min. 

urn 

Bi 

M 


-1 


lEUBJs] 

Elia 

-v 

BMEl 

C!ZJ 



IB 

-1.85 


1-1.25 

| -0.9 

IBB 

ms i 





10 

—1.85 

-2.5 



-1.5 

m 

BH 

-1 


Any Input 

15 

±10 5 Typ., ±1 Max. 

pA 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4049A, CD4050A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE <T stg ) -66 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D. F. K. H -55 to +125 °C 

PACKAGE TYPES E. Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V cc ) 

(Voltages referenced to Vgg Terminal) —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P Q ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E. Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E. Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to + 1 00°C (PACKAGE TYPES D, F. K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (159 ± 0.79 mm) from case for 10 s max +265°C 



92CS-20490 


Fig. 3— Minimum and maximum voltage 
transfer characteristics for 
CD4050A. 
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Fig. 6— Typical voltage transfer charac- 
teristics as a function of tempera- 
ture for CD4049A. 
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Fig. 4— Minimum and maximum voltage 
transfer characteristics for 
CD4049A. 
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Fig. 7— Typical voltage transfer charac- 
teristics as a function of tempera- 
ture for CD4050A. 
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Fig. 9— Typical and minimum p-channel drain 
characteristics as a function of gate-to - 
source voltage (Vq§) for CD4049A, 
CD4050A. 
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Fig. 10— Typical high-to-low level propagation delay 
time vs. Cj_ for CD4049A. 
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Fig. 2— Minimum and maximum voltage 
transfer characteristics for 
CD4049A. 
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Fig. 5— Minimum and maximum voltage 
transfer characteristics for 
CD4050A. 



92CS-20485RI 

Fig. 8— Typical and minimum n-channel drain 
characteristics as a function of gate-to- 
source voltage (\ /q§) for CD4049A, CD4050A. 
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Fig. 1 1- Typical high-to-low level propagation delay 
time vs. for CD4050A. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4049A, CD4050A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C; Input t r ,tf=20 n$, 
C L =15pF, R L =200kfi 


CHARACTERISTIC 

CONDITIONS 

LIMITS 
ALL PKGS. 

UNITS 


■n 

< 

O 

O 

Typ. 

Max. 


Propagation Delay Time: 
Low-to-High, tp^n 

CD4049A 


5 

50 

IfH 


10 

10 




CD4050A 

5 

5 

75 


10 

10 

35 



High-to-Low, tp|_jj_ 

CD4049A 


5 

15 

55 


10 

10 

10 

30 

ns 

CD4050A 

5 

5 

55 

110 

10 

10 

wrm 

55 


Transition Time: 

Low- to High, 



m 

100 


10 

10 

30 

60 

ns 

High-to-Low, t-j-^j_ 


5 

20 

45 


10 

mm 

40 


Input Capacitance, Cj 

CD4049A 

“ 


m 


PF 

CD4050A 

“ 

- 

5 

- 



0 20 40 60 80 no 

LOAD CAPACITANCE (C L ) — pF 

92CS- 20526 


Fig. 14— Typical high-to-low level transition time 
vs. C L for CD4049A, CD4050A. 



92CS- 204*9 

Fig. 15— Typical low- to- high level transition time 
vs. C L for CD4049A, CD4050A. 



input rise and fall TIME (t r ,t f ) 

92CS-ZO490R 

Fig. 17— Typical power dissipation vs. transition 
time per inverter CD4049A. 



Fig. 18— Typical power dissipation vs. transition 
time per inverter CD4050A. 


v oo 



Fig. 19— Noise immunity test circuit. 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 00 ANO^ S 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

Vdd<*Vss 


92CS- 27402 

Fig. 20 —Input leakage current test circuit. 



Fig. 12— Typical low-to-high level propagation delay 
time vs. C/ for CD4049A. 



MCS-204M 

Fig. 13-Typical low-to-high level propagation delay 
time vs. for CD4050A. 



Fig. 16— Typical dissipation characteristics for 
CD4049A, CD4050A. 
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Fig. 2 1 —Quiescent device current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4057A Types 


COS/MOS LSI 4-Bit Arithmetic Logic Unit 


parallel data 

DATA | — OUT 

I/O LINES CONTROL 


The RCA-CD4057A is a low-power arithme- 
tic logic unit (ALU) designed for use in LSI 
computers. An arithmetic system of virtually 
any size can be constructed by wiring to- 
gether a number of CD4057A ALU's. The 
CD4057A provides 4-bit arithmetic opera- 
tions, time sharing of data terminals, and full 
functional decoding for all control lines. The 
distributed control system of this device 
provides great flexibility in system designs 
by allowing hard-wired connection of N 
units in 4 N unique combinations. Four 
control lines provide 16 instructions which 
include Addition, Subtraction, Bidirectional 
and Cycle Shifts, Up-Down Counting, AND, 
OR, and Exclusive-OR logic operations. 

Two mode control lines allow the CD4057A 
to function as any 4-bit section of a larger 
arithmetic unit by controlling the bidirec- 
tional serial transfer of data to adjacent 
arithmetic arrays. By means of three "Con- 
ditional Control" lines Overflow, All Zeros, 
and Negative State conditions may be 


Applications: 


LEFT SERIAL DATA LINE 


Parallel Arithmetic Units 

Process Controllers 

FUNCTION JIJ 

Remote Data Sets 

SELECT 

Graphic Display Terminals 

MODE 

SELECT »-1 


CLOCK 


conditional i H 

INPUTS *11 


MODE CONTROLS 


CONDITIONAL 

CLOCK 

GATING 


V DD . 26 
V SS =25 


j r 

TO 

REGISTER 



m i 


SHIFT /STORE 
REGISTER 

I t I I 


ARITHMETIC 

CIRCUITS 

"H 


OVERFLOW 

I/O 


OVERFLOW 

INPUT/OUTPUT 


► RIGHT SERIAL 
DATA LINE 


92CS 202S8R2 


detected and used to establish a conditional 
operation. Predetermined operation of the 
CD4057A on a conditional basis allows 
greater ALU flexibility. Although especially 
applicable as a parallel arithmetic unit, the 
CD4057A also finds use in virtually any 
application requiring one or more of its 
16 basic instructions. The CD4057A is 
supplied in a hermetically sealed 28-lead 
dual-in-line ceramic package (CD4057AD), 
in a flat-pack (CD4057AK), and in chip 
form (CD4057AH). 


Fig. 1 — Block diagram — CD4057A. 

Features: 

■ LSI Complexity on a Single Chip 

■ 16- Instruction Capability 
-Add, Subtract, Count 
-AND, OR, Exclusive-OR 
-Right, Left, or Cyclic Shifts 

■ Bidirectional Data Busses 

■ Instruction Decoding on Chip 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D. K. H -55 to +125°C 

DC SUPPLY-VOLTAGE RANGE. (Vqq) 

(Voltages referenced to Vgg Terminal) —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P Q ) 

FOR T A = -55 to +100°C (PACKAGE TYPES D. K) 500 mW 

FOR T a = +100 to + 1 25°C (PACKAGE TYPES D. K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


■ Fully Static Operation 

■ Single-Phase Clocking 

■ Easily Expandable to 8, 12, 16,. 

... Bit Operation 

■ Low Quiescent Device Dissipation . . 

10 MW (typ.) 

■ Conditional-Operation Controls on Chip 

■ Add Time (Data In-To Sum Out) 

=375 ns (typ) at 10V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 fuA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V> 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For T^ = Full 


3 

12 

V 

Package-Temperature Range) 





Setup Time, tg 

5 

40 

- 


DATA 

10 

20 

— 

ns 

OP CODE 

5 

4590 

— 


10 

1320 

- 



5 

1200 



Clock Pulse Width, tyy 

10 

375 

- 

ns 

Clock Input Frequency, f^L 

5 

0.13 




Count Mode 

10 

0.46 

- 

MHz 

Shift Mode 

5 

0.33 

_ 


10 

1.4 

- 


Clock Rise or Fall Time, t r CL, tfCL 

5 

10 

- 

15 

15 




tpQ (Dl - Cq) + 3 tpD (Ci - Cq) = 790 ns 


D13 16 

tpo (^1 ~ C 0 > + 2 tpo (Cj - Cq) + tpQ (Cj - Sq) = 925 ns 

S13-16 


tpD (®I — Cq) + 2 tpo (Ci — Cq) = 615 ns 


D9-12 

IPD (°I ~ c O) + *PD < C I “ c ol + *PD < C I ~ Sq) = 750 ns 

S9-12 


IPO (°I - c 0l + tPD < C I _ C 0 > = 440 ns 


D5 8 

tpp < D I ~ C 0 ) + *PD IQl “ So> ~ 575 ns 

S5-8 


*PD (°I - Cq) = 265 ns 


Dl 4 

tpD IDj - Sq) = 375 ns 

SI 4 


92CS-2I075 


Fig. 2— Typical speed characteristics of a 16-bit ALU at Vqq" 10 V. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4057A Types 


STATIC ELECTRICAL CHARACTERISTICS 


rUADArTCDlQTir 

CONDITIONS 

Limits at Indicated Temperatures (°C) 

UNITS 

CD4057AD, CD4057AK, CD4057AH 


Vo 

(V) 

V| N 

(V) 

V DD 

(V) 

-55°C 

25°C 

125°C 

Min. 

mi 

Min. 

Typ. 

Max. 

Min. 

Max. 

Quiescent Device 

Current l|_ 

H 

HI 

5 

- 

5 

- 

0.5 


HI 

150 

ma 

- 


10 

HI 

HI 

- 

1 

10 

- 

300 

- 

HI 


- 

50 

- 

1 

50 

- 

2000 

Output Voltage; 
Low-Level,V0L 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level, Vq|_| 

- 

0 

5 

4.95 Min.; 5 Typ. 

V 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity 
(All Inputs) 

V NL- V NH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

1 

- 

10 

3 Min.; 4.5 Typ. 

m 

H 

5 

1.5 Min.; 2.25 Typ. 


- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

VNML 

m 

- 

5 

1 Min. 

V 

9 

- 


1 Min. 

Inputs High, 

V NMH 


- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive Current: 

l D N,l D p 

Zero Indicator 

n-channel 

0.5 

- 

5 

0.11 


0.09 

0.16 

- 


- 

mA 

0.5 

1 

10 

0.12 

■ 

0.10 

0.16 

■ 

0.07 

■ 

p-channel 

3 

- 

5 

0.04 

- 

0.03 

0.06 

- 

0.02 

- 

7 

- 

10 

0.08 

- 

0.07 

0.13 

- 

0.05 

- 

Negative Indicator 

n-channel 

0.5 

- 

5 

0.11 

- 

0.09 

0.30 

- 

0.06 

- 

0.5 

- 

10 

0.12 

- 

0.10 

0.40 

- 

0.07 

- 

p-channel 

4.5 

- 

5 

0.07 

- 

0.06 

0.19 

- 

0.04 

- 

9.5 

- 

10 

0.12 

- 

0.10 

0.30 

- 

0.07 

- 

Overflow Indicator 

n-channel 

0.5 

- 

5 

0.25 

- 

0.20 

0.50 

- 

0.14 

- 

0.5 

- 

10 

0.37 

- 

0.30 

0.90 

- 

0.21 

- 

p-channel 

4.5 

- 

5 

0.08 

- 

0.07 

0.21 

- 

0.05 

- 

9.5 

- 

10 

0.12 

- 

0.10 

0.38 

- 

0.07 

- 

All Other Outputs 

n-channel 

0.5 

- 

5 

0.11 

- 

0.09 

0.10 

- 

0.06 

- 

0.5 

- 

10 

0.06 

- 

0.05 

0.12 

- 

0.03 

- 

p-channel 

4.5 

- 

5 

0.02 

- 

0.02 

0.05 

- 

0.01 

— 

9.5 

- 

10 

0.06 

- 

0.05 

0.08 

- 

0.03 

- 

Input Leakage 

Current 

•lL- 'lH- 

Any Inf 

)Ut 

15 

± 10~ 5 Typ., ± 1 Max. 

a*a 



Fig. 3 — Maximum counting frequency vs. 

supply voltage for a typical CD4057A. 



Fig. 4 — I Transition time vs. load capacitance 
for data outputs (D1-D4). 


CLOCK PULSE RISE AND FALL TIMES 



92CS-ZIB7Z 


Fig. 5 — Clock pulse rise and fall times. 



Fig. 6 — Data setup time. 


DATA OUT* 
CONTROL 


jf 


-Vqd 


jf 


-VDD 


“H *Dh 


- 50 % 

*l r ,tf *20n* 

9ZCS- 21874 


Fig. 7 — Data hold time. 


485 











































































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4057A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C and C L = 15 pF, R L = 200 kfi, 

t r ,t f = 20 ns 

Typical Temperature Coefficient at all values of Vqq = 0.3%/ C 


LOGIC DESCRIPTION 
OPERATIONAL MODES 


CHARACTERISTICS 

TEST 

CONDITIONS 

LIMITS 

CD4057AD, CD4057AK 

UNITS 


Vdd 

Min. 

Typ. 

Max. 

Propagation Delay Time: 

^PLH’tRHL 

DATA IN-to- 
SUM OUT 


5 

- 

1430 

3900 

ns 

10 

- 

375 

720 

CARRY IN-to- 
SUM OUT 

5 


915 

255Q 

10 

- 

310 

840 

DATA IN-to- 
CARRYOUT 

5 

- 

950 

2580 

10 

- 

265 

720 

CARRY IN-to- 
CARRYOUT 

5 

- 

485 

1320 

10 

_ 

175 

480 

Zl Input 
-to- 

Zl Output 

5 

- 

1980 

5400 

10 

— 

750 

2040 

5 

- 

265 

720 

10 

- 

110 

300 

Transition Time: 
tTLH-tTHL 

Zl Output 


5 

— 

3700 

10350 

ns 

10 

- 

1650 

4500 

5 

- 

420 

1140 

10 

— 

220 

600 

Negative Indicator and 

Overflow Indicator 

5 

- 

300 

825 

10 

- 

165 

450 

All Other 

Outputs 

5 

— 

1000 

2775 

10 

- 

475 

1275 

Minimum Clock Pulse 

Width, tyy 


5 

- 

400 

1200 

ns 

10 

- 

125 

375 

Clock Rise and Fall Time, 
t r CL,t f CL 


5 

- 

— 

15 

& 

10 

i 

- 

- 

15 

Minimum Set Up Time : tgLh^SHL 
DATA 


5 

- 

20 

40 

ns 

10 

- 

10 

20 

OP CODE 


5 

- 

1675 

4590 

ns 

10 

- 

485 

1320 

Minimum Data Hold Time, tHLH^HHL 


5 

- 

20 

40 

ns 

10 

- 

10 

20 

Maximum Clock Frequency: fd_ 

Count Mode 


5 

0.13 

0.36 

- 

MHz 

10 

0.46 

1.35 

- 

Shift Mode 


5 

0.33 

0.90 

— 

10 

1.4 

3.8 

- 

Input Capacitance, C| 

ANY INPUT 

- 

5 

- 

pF 


LEFT 

DATA 

LINE 


The CD4057A arithmetic logic unit operates 
in one of four possible modes. These modes 
control the transfer of information, either 
serial data or arithmetic operation carries, to 
and from the serial-data lines. Fig. 8 shows 
the manner in which the four modes control 
the data on the serial-d^fa lines. 



' BYPASS 





I 92CS-20252RI 

;s 

Fig. 8 — Schematic of "Mode" concept. 

In MODE 0, data can enter or leave from 
either the left or the right 
serial-data line. 

In MODE 1, data can enter or leave only on 
the left serial-data line. 

In MODE 2, data can enter or leave only 
on the right serial-data line. 

In MODE 3, serial data can neither enter 
nor leave the register,regardless 
of the nature of the operation. 
Furthermore, the register is 
by-passed electrically, i.e., 
there is an electrical bidirec- 
tional path between the right 
and left serial data terminals. 
The two input lines labeled Cl and C2 in 
the terminal assignment diagram define one 
of four possible modes shown in Table I. 
Through the use of mode control, individual 
arithmetic arrays can be cascaded to form 
one large processor or many processors of 
various lengths. 


TABLE I - MODE DEFINITION 


C2 

Cl 

MODE 

0 

0 

0 

0 

1 

1 

1 

0 

2 

1 

1 

3 


Examples of how one “ hard-wired " 
combination of three ALU's can form (a) a 
12-bit parallel processor, (b) one 8-bit and 
one 4-bit parallel processor, or (c) three 
4-bit parallel processors, merely by changes 
in the modes of each ALU are shown in 
Fig. 10. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4057A Types 



vss 


Fig. 9 — Simplified logic diagram. 


Data-flow interruptions are shown by shaded 
areas. With these three ALU's and the four 
available modes, 61 more system combina- 
tions can be formed. If 4 ALU's are used, 
4^ combinations (256) are possible. Fig. 1 1 
shows a diagram of 4 CD4057A's inter- 
connected to form a 16-bit parallel processor. 


Fig. 10— "Mode" connections for parallel 
processor: 

(a) 12-bit unit, 

( b ) one 8-bit and one 4-bit unit 

(c) three 4-bit units. 

NOTE: The BYPASS terminal of the "most 
significant" CD4057A is connected to the 
bypass terminal of the "least significant" 
CD4057A. The bypass terminals on all other 
CD4057A's are left floating. This inter- 
connection is performed whenever more 
than one CD4057A are used to form a 
processor. 

INSTRUCTION REPERTOIRE 

Four encoded lines are used to represent 
16 instructions. Encoded instructions are as 
follows: 


L | MODE 2 | Q 




eh 


L | M0DE~T H MODE I J-i MODE 3 P 

Ul 1 H — if MODE 3 1~ 


abed 

0 0 0 0 NO-OP (Operational Inhibit) 

0 0 0 1 AND 

0 0 10 Count down 

0 0 11 Count up 

0 10 0 Subtract Stored number 

from zero (SMZ) 

0 10 1 Subtract from parallel data 

lines (SM) (stored number from 
parallel data lines) 

0 110 Add (AD) 

0 111 Subtract (SUB) (Parallel data 

lines from stored number) 

1 0 0 0 Set to all ones (SET) 

10 0 1 Clear to all zeroes (CLEAR) 

10 10 Exclusive-0 R 

10 11 OR 

110 0 Input Data (From parallel 

data lines) 

110 1 Left shift 

1110 Right shift 

1111 Rotate (cycle) right 


All instructions are executed on the positive 
edge of the clock. 

PARALLEL COMMANDS 

a. CLEAR — sets register to zero. 

b. SET —sets register to all ones. 

c. OR —processes contents of register 
with value on parallel-data lines in 
a logical OR function. 

d. AND —processes contents of register 
with value on parallel-data lines in 

a logical AND function. 


e. Exclusive-OR — processes contents 
of register with data on parallel-data 
lines in a logical Exclusive-OR function. 

f. IN —loads data on parallel-data lines 
into register. 

g. DATA OUT CONTROL - unloads 
contents of register and overflow 
flip-flop onto parallel data lines and 
overflow I/O independent of all other 
controls. 

h. SUB: 

In Mode 0, adds to the contents of 
the register the one's com- 
plement of the data on the 
parallel-data lines. Carries 
can enter on the right 
serial data line and can 
leave on the left serial 
data line. The overflow 
indicator does not change 
state. 

In Mode 1 , adds to the contents of the 
register the two's comple- 
ment of the data on the 
parallel-data lines. Gener- 
ated carries can leave on 
the left serial line. The 
CARRY IN is set to zero. 
The overflow indicator 
does not change state. 

In Mode 2, same as Mode 0, except 
carries cannot leave on the 
right serial-data line.The 
absence or presence of an 
overflow is registered. 

In Mode 3, same as Mode 1, except 
carries cannot leave on the 
left serial-date line. The 
absence or presence of an 
overflow is registered. 

i. COUNT UP: 

In Mode 0, adds to the contents of the 
register the data on the 
right serial-data line and 
permits any resulting carry 
to leave on the left serial- 
data line. No data enters 
the parallel-data lines. 

InMddel, internally adds a one to 
the contents of the register 
and permits any resulting 
carry to leave on the left 
serial-data line. No data 
enters or leaves the right 
serial-data line. 

In Mode 2, adds to the contents of the 
register the data on the 
right serial-data line. No 
data enters or leaves the 
left serial-data line. 

In Mode 3, internally adds a one to 
the contents of the register 
No data enters or leaves 
the register on any serial- 
data or parallel-data line. 

In all modes, with the 
DATA OUT control high 
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Fig. 11— Connection for 16-bit arithmetic logic unit. 


the count is presented on 
the parallel data lines (D1- 
D4). 

j. COUNTDOWN: 

In Mode 0, subtracts a one (2's comple- 
ment form) from the con- 
tents of the register and 
adds to this result the data 
on the right serial-data line 
and permits any resulting 
carry to leave on the left 
serial-data line. No data 
enters on the parallel-data 
lines. 

In Model, internally subtracts a one 
from the contents of the 
register and permits any 
resulting carry to leave on 
the left serial-data line. No 
data enters or leaves the 
right serial-data line. 

In Mode 2, subtracts a one from the 
contents of the register and 
adds to this result the data 
on the right serial-data line. 
No data enters or leaves on 
the left serial-data line. 

In Mode 3, internally subtracts a one 
from the contents of the 
register. No data enters or 
leaves on the serial-data 
lines. 

In all modes, with the DATA OUT control 
high the count is presented on the parallel 

data lines (D1-D4). 

k. ADD(AD): 

In Mode 0, adds the contents of the 
register to the data on the 
parallel-data lines and the 
right serial-data line. Any 
resulting carry can leave on 
the left serial-data line. The 
overflow indicator does not 
change state. 

In Model, adds the contents of the 
register to the data on the 
parallel-data lines and allows 
any resulting carry to leave 
on the left serial-data line. 
The right serial-data line is 


open-circuited. The over- 
flow indicator does not 
change state. The CARRY- 
IN is set to zero. 

In Mode 2, adds the contents of the 
register to the data on the 
parallel data lines and the 
right serial-data line. Any 
overflow sets the overflow 
indicator. The left serial- 
data line is open-circuited. 
The absence or presence of 
an overflow is registered. 

In Mode 3, adds contents of the register 
to the data on the parallel- 
data lines. Any resulting 
carry sets the overflow indi- 
cator. The two serial-data 
lines are open circuited. The 
absence or presence of an 
overflow is registered. The 
CARRY-IN is set to zero. 

l. SM — same operation as AD except the 
contents of the register are two's comple- 
mented during addition in Mode 1 and 
Mode 3. In Mode 0 or Mode 2, the con- 
tents of the register are one's comple- 
mented and added to the data on the 
right serial-data line and the parallel- 
data lines. Overflows occurring in Mode 
1 or Mode 0 do not alter the overflow 
indicator. The presence or absence of 
overflows is registered on the overflow 
indicator in Mode 2 or Mode 3. 

m. SMZ: 

In Mode 0, one's complements the 
contents of the register 
and adds the data on the 
right serial-data line to the 
contents of the register. 
Any resulting carry can 
leave on the left serial- 
data line. The overflow 
indicator does not change 
state. 

In Mode 1, two's complements the 
contents of the register 
and permits any carry to 
leave on the left serial- 
data line. No data can 
enter the right serial-data 


line. The overflow indi- 
cator does not change 
state. The CARRY- IN is 
set to zero. 

In Mode 2, one's complements the 
contents of the register 
and adds the data on the 
right serial-data line to the 
contents of the register. 
Carries cannot leave the 
left serial data line. The 
absence or presence of an 
overflow alters the 
overflow indicator. 

In Mode 3, two's complements the 
contents of the register. 
Serial data can neither 
enter the right serial- 
data line nor leave the 
left serial-data line. The 
overflow indicator is at 
zero. The CARRY-IN is 
set to zero. 

n. NO-OP — no operation takes place. 
The clock input is inhib- 
ited and the state of all 
registers and indicators 
remains unchanged. 
SERIAL-SHIFT OPERATIONS 

a. ROTATE (cycle) RIGHT - This opera- 
tion is internal. The contents of the 
register shift to the right, cyclic fashion 
with the leftmost stage accepting data 
from the rightmost stage regardless of 
the mode. Data can leave the register 
serially on the right data line only while 
the register is in Mode 1 or Mode 0. 
Data can enter the left data line serially 
while the register is in Mode 1 or Mode 
0. The Rol terminal of the "Most 
Significant" CD4057A must be connect- 
ed to the Ro2 terminal of the "Least 
Significant" CD4057A. All other Rol 
and Ro2 terminals must be left floating. 
When only one CD4057A is used, Rol 
must be connected to Ro2. 

b. RIGHT SHIFT - The contents of the 
register shift to the right and serial opera- 
tions are as follows: 

In Mode 0, data can enter serially on 

the left data line, shift 

through the register, and 
leave on the right data 
line. 

In Mode 1, data can enter serially on 

the left data line. The 

right data line effectively 

is open - circuited. 

In Mode 2, data can leave serially on 
the right data line. The left 
data line effectively isopen- 
circuited. Vacant spaces are 
filled with zeros. 

In Mode 3, serial data can neither en- 
ter nor leave the register; 
however,the contents shift 
to the right and vacated 
places are filled with zeros. 
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In all modes, with the DATA OUT 
control high the data is presented 
on the parallel data lines (D1-D4). 

c. LEFT SHIFT — The contents of the 
register shift to the left and serial 
operations are as follows; 

In Mode 0, data can enter the right 
data line, shift through the 
register, and leave on the 
left data line. 

In Mode 1, data can leave serially on 
the left data line. The right 
data line effectively is 
open-circuited. All vacant 
positions are filled with 
zeros. 

In Mode 2, data can enter serially on 
the right data line. The 
left data line effectively is 
open-circuited. 

In Mode 3, data can neither enter nor 
leave the register; however, 
the contents shift to the 
left, and vacated places 
are filled with zeros. 

In all modes, with the DATA OUT 
control high the data is presented on 
the parallel data lines (D1-D4). 

Because the "DATA OUT" control instruc- 
tion is independent of the other 16 instruc- 
tions, care must be taken not to activate 
this control when data are to be loaded into 
the processor. This instruction should only 
be activated when the processor is executing 
a NO-OP, any SHIFT, SMZ, COUNT UP or 
DOWN, CLEAR, or SET. 

If a data line, serial or parallel, is used as an 
input and the logic state of that line is not 
defined (i.e., the line is an open circuit),then 
the result of any operation using that line is 
undefined. 


OPERATIONAL SEQUENCE FOR 

ARITHMETIC ADD CYCLE 

1. Apply IN Instruction and Word A on 
Parallel Data Lines (D1-D4). 

2. Apply CLOCK to load Word A into 
the register. 

3. Apply OP CODE Instruction and Word 
B on Data Lines. 

4. Apply CLOCK to load resulting 
function of A and B into the register. 

5. Apply "DATA OUT" control to 
present result to Parallel Data Lines. 


NOTE: Transitions of Step 2 and Step 3 
may occur almost simultaneously; i.e. 
separated by only one data-hold time. 



NOTES: Rol CONNECTED TO Ro2; BY-PASS IS OPEN, 21 CONNECTED TO REGISTER IN MOOE 3. 

• SOLID LINE REPRESENTS INPUT FROM EXTERIOR SOURCE WHEN "DATA OUT" IS LOW; DASHED LINE 
REPRESENTS OUTPUT WHEN “DATA OUT* IS HIGH. 


Fig. 12 — Timing diagram. 


NEGATIVE-NUMBER DETECTION 

The NEG IND terminal of the CD4057A is 
connected to the output of the flip-flop 
that is in the most significant bit position. 
A "1" on the NEG IND terminal indicates 
a negative number is in the register. This 
detection is also independent of modes. 

ZERO DETECTION 

The condition of "all zeros" is indicated 
by a "1" on the Zero Indicator terminal 
of the "Most Significant" CD4057A. 

As shown in Fig. 1 1 , terminal Zl of the 
CD4057A containing the least significant 
set of bits is connected to Vqq. Zero 
indication is independent of modes. 

COMPLEMENTING NUMBERS 

1. One's complement of number in ALU 
register. 

a) ALU must be in MODE 0 or MODE 2. 

b) Zero on Rt. Data Line. 

c) Execute an SMZ instruction. 


(Continued) 



12 3 4 S 


• SOLID LINE REPRESENTS INPUT 
FROM EXTERIOR SOURCE WHEN 
TDATA OUT IS LOW. DASHED LINES 
REPRESENT OUTPUT WHEN "DATA 
OUT* IS HIGH 


92CS-2I277 


Fig. 13 — Add cycle waveforms. 
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2. One's complement of number to be 
loaded into ALU register. 

a) If zero indicator output is low, 
execute a CLEAR instruction, and 
make Rt. Data Line = 0. 

b) ALU must be in MODE 0 or MODE 2. 

c) Execute an SUB instruction. 

3. Two's complement of number in ALU 
register. 

a) ALU must be in MODE 1 or MODE 3. 

b) Execute an SMZ instruction. 

4. Two's complement of number to be 
loaded into ALU register. 

a) If zero indicator output is low, 
execute a CLEAR instruction, 
and make Rt. Data Line « 0. 

b) ALU must be in MODE 1 or MODE 3. 

c) Execute an SUB instruction. 

The following algorithms are given as a 
general guideline to demonstrate some of 
the capabilities of the CD4057A. 


MULTIPLICATION OF 
TWO N-BIT NUMBERS 



Multiplication Algorithm 

1. Clear ALU to Zero 

2. Store A s (+) B s in External Flip-Flop. 

3. If A s = 1, Complement Register 1. 

4. If B s = 1 , Complement Register 2. 

5. Load Register 2 into ALU. 

6. Do shift Left on ALU N Times 
(N = number of bits). 

7. Do N Times: 

( 1 ) 

a) If MSB of ALU = 1 
(Negative Indicator = High), 

Then shift ALU left 1 bit; 
add Register 1 to ALU. 

b) If MSB of ALU = 0 
(Negative Indicator = Low) 

Then shift ALU left 1 bit. 

8. If A s Q B s = 1, then Complement 
ALU. 

9. Answer in ALU. 


Division Algorithm 

CD4057A 
ALU 2 
(N Bits) 


A s a 1 • • • a N— 1 a N • ■ a 2N— 1 



Divisor 


1. Store A s (+) B $ in External Flip-Flop. 

2. If A s = 1, complement ALU 1 and ALU 2. 

3. If B s = 1, complement Register A. 

4. Check for Divisor = 0 

a) If Divisor = 0; stop, indicates 
division by 0. 

b) If Divisor 7^0; continue. 

5. Apply SUB instruction to ALU 1 
and Register A to ALU 1 data lines. 

a) If C Q = 0 (Dividend < Divisor), 

Stop, indicates overflow. 

b) If C 0 = 1 (Dividend > Divisor), 
Continue. 

6. Put a zero on RT data line of ALU 
2 and shift ALU 1 & ALU 2 left 1 
bit. 

7. Do "N" times. 

a) If C Q = 1, then clock ALU 1, and 
put a 1 on right data line of ALU 2. 

b) If C Q = 0, then no clock, and put 
a 0 on right data line of ALU 2. 

8. If sign Flip Flop = 1, complement 
ALU 2. 

9. Answer in ALU 2. 


CONDITIONAL OPERATION 

Inhibition of the clock pulse can be accom- 
plished with a programmed NO-OP instruc- 
tion or through conditional input terminals 
A,B,and C.ln a system of many CD4057A's, 
each CD4057A can be made to automati- 
cally control its own operation or the 
operation of any other CD4057A in the 
system in conjunction with the Overflow, 
Zero, or Negative (Number) indicators. 
Table II, the conditional inputs, truth 
table, defines the interactions among A,B, 
and C. 


CD4057A 
ALU 1 
(N Bits) 


TABLE II- CONDITIONAL-INPUTS 
TRUTH TABLE 


A 

B 

c 

OPERATION 

PERMITTED 

0 

X 

X 

Yes 

1 

0 

0 

Yes 

1 

0 

1 

No 

1 

1 

0 

No 

1 

1 

1 

Yes 


X = don't care 


Two examples of how the conditional 
operation can be used are as follows: 

1 ) For the Multiplication Algorithm 
A = 1, for step 7 (1) 

A = 0, for step 7 (2) 

B = 1 

C = negative Indicator 

2) For the Division Algorithm 

A = 1, for step 7 (1) 

A = 0, for step 7 (2) 

B = 1 

C = C Q (left data line) 

OVERFLOW DETECTION 

The CD4057A is capable of detecting and 
indicating the presence or absence of an 
arithmetic two's-complement overflow. A 
two's-complement overflow is defined as 
having occurred if the signs of the two initial 
words are the same and the sign of the result 
is different while performing a carry-gener- 
ating instruction. 

0.011 

For example: (+) 0.110 

1.001 

Overflows can be detected and indicated 
only during operation in Mode 2 or Mode 3 
and can occur for only four instructions 
(AD, SMZ, SM, and SUB). If an overflow is 
detected and stored in the overflow flip-flop, 
any one of the five instructions AD, SMZ, 
SM, SUB, or IN can change the overflow 
indicator. 

When any of the three subtraction instruc- 
tions is used, the sign bit of the data being 
subtracted is complemented and this value 
is used as one of the two initial signs to 
detect overflows. If an overflow has occur- 
red, the final sign of the sum or difference is 
one's complemented and stored in the most- 
significant-bit position of the register. 

The overflow flip-flop is updated at the same 
time the new result is stored ^in the 
CD4057A. Whenever data on the parallel- 
data lines are loaded into the CD4057A, 
whatever is on the Overflow 1/0 line is 
loaded into the overflow flip-flop. Also, 
whenever data are dumped on the parallel 
data lines from the CD4057A, the contents 
of the overflow flip-flop are dumped on the 
Overflow 1/0 line. Thus overflows may be 
stored elsewhere and then fed into the 
CD4057A at another time. 
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OPERATIONAL SEQUENCE 
AND WAVEFORMS FOR 
PROPAGATION-DELAY MEASUREMENTS 
1 . DATA-IN-to-CAR R Y OUT and DATA 
IN-to-SUM OUT 

A. Apply Word A and IN instruction 

B. Apply Clock to load word A into 
register 

C. Apply AD instruction 

D. Apply Word B (data in) 

E. Apply Clock to load result 
(sum out) 

F. Apply DATA OUT CONTROL 
to look at result 


2. CARRY IN-to-CARRY OUT and CARRY 
IN-to-SUM OUT 

A. Apply Word A and IN instruction 

B. Apply Clock to load word A into 
register 

C. Apply AD instruction 

D. Apply Word B 

E. Apply CARRY IN (carry in) 

F. Apply Clock to load result 
(sum out) 

G. Apply DATA OUT CONTROL 
to look at result 



B C D E F G 



0 CARRY IN 
0 CARRY OUT 
0 SUM OUT 

0 — * 0 CARRY IN TO CARR Y OUT 
0 — 0CARRY IN TO SUM OUT 


« SOLID LINE REPRESENTS INPUT 
FROM EXTERIOR SOURCE WHEN 
"DATA OUT IS LOW. DASHED LINES 
REPRESENT OUTPUT WHEN "DATA 
OUT’ is HIGH 

•2CS-2W7* 


Fig. Ufa) - DATA IN-io-CARRY OUT and Fig. 14(b) -CARRY IN-to-CARRY OUT and 

DA TA IN-to-SUM OUT. CARRY IN-to-SUM OUT. 

TYPICAL APPLICATION 



Fig. 15— Noise-immunity test circuit. 



Fig. 16 — Quiescent-device-current 
test circuit 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V D0 ANDV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD 0* V SS 


92CS’27402 


Fig. 17 — Inpu t-leakage-curren t 
test circuit 


The CD4057A has been designed for use as a 
parallel processor in flexible, programmable, 
easily expandable, special or general purpose 
computers, where minimization of external 


connections and data busing are primary 
design goals. The block diagram of Fig. 18 
is an example of a computer that processes 
8 bits in parallel. 



Fig. 18— Example of computer organization using CD4057 A. 
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COS/MOS Programmable 
Divide-by-"N” Counter 


RCA-CD4059 standard “A"-Series types are 
divide-by-N down-counters that can be pro- 
grammed to divide an input frequency by 
any number “N" from 3 to 15,999. The out- 
put signal is a pulse one clock-cycle wide 
occurring at a rate equal to the input fre- 
quency divided by N. This single output has 
TTL drive capability. The down-counter is 
preset by means of 1 6 jam inputs. 

The three Mode-Select Inputs Ka, Kb, and 
Kc determine the modulus ("divide-by" 
number) of the first and last counting sec- 
tions in accordance with the truth table 
shown in Table I. Every time the first 
(fastest) counting section goes through one 
cycle, it reduces by 1 the number that has 
been preset (jammed) into the three decades 
of the intermediate counting section and into 
the last counting section, which consists of 
flip-flops that are not needed for operating 
the first counting section. For example, in 
the -r 2 mode, only one flip-flop is needed 
in the first counting section. Therefore 
the last counting section has three flip-flops 
that can be preset to a maximum count of 
seven with a place value of thousands. If 
+ 10 is desired for the first section, Ka is 
set to 1, Kb to 1, and Kc to 0. Jam Inputs 
J1, J2, J3, and J4 are used to preset the 
first counting section and there is no last 
counting section. The intermediate counting 
section consists of three cascaded BCD de- 
cade (-r 10) counters presettable by means 
of Jam Inputs J5 through J 1 6. 

The Mode-Select Inputs permit frequency- 
synthesizer channel separations of 10, 12.5, 
20, 25, or 50 parts. These inputs set the 
maximum value of N at 9999 (when the 
first counting section divides by 5 or 10) or 
15,999 (when the first counting section 
divides by 8, 4, or 2). 

The three decades of the intermediate count- 
ing section can be preset to a binary 15 in- 
stead of a binary 9, while their place values 
are still 1, 10, and 100, multiplied by the 
number of the -r N mode. For example, in 
the 4- 8 mode, the number from which count- 
ing-down begins can be preset to: 

3rd decade: 1500 

2nd decade: 150 

1st decade: 15 

Last counting section 1000 


In this condition the flip-flops in the counter 
are preset in accordance with the jam in- 
puts and the counter remains in that state 
as long as Kb and Kc both remain low. The 
counter begins to count down from the 
preset state when a counting mode other 
than the master preset mode is selected. 
Whenever the master preset mode is used, 
control signals Kb=0 and Kc=0 must be 
applied for at least 3 full clock pulses. 
A “1" on the Latch Enable input will cause 
the counter output to remain high once an 
output pulse occurs, and to remain in the 
high state until the latch input returns to 
"0". If the Latch Enable is "0", the output 
pulse will remain high for only 1 cycle of 
the clock-input signal. 

After the Master Preset Mode inputs have 
been changed to one of the -r modes, the 
next positive-going clock transition changes 
an internal flip-flop so that the countdown 
can begin at the second positive-going clock 
transition. Thus, after am MP (Master Preset) 
mode, there is always one extra count before 
the output goes high. Fig. 1 illustrates a 
total coufit of 3 (-5- 8 mode). If the Master 
Preset mode is started two clock cycles or 
less before an output pulse, the output pulse 
will appear at the time due. 


CLOCK 
Kc(Ko*Kb*0) 
INTERNAL STATE 
OF COUNTER 

OUTPUT 


JUUl 

m 

Lnarumru 

ruiru 

rum 


i4 

> wl 3 1 2 kJ 3! 2 

l-d 3 1 2 

J“L 

U3I 

Ln_ 
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Fig. 1 — Total count of 3. 


As illustrated in the sample applications, this 
device is particularly advantageous in com- 
munication digital frequency synthesis (VHF, 
UHF, FM, AM, etc.) where programmable 
divide-by-“N" counters are an integral part 
of the synthesizer phase-locked-loop sub- 
system. The CD4059A can also be used to 
perform the synthesizer “Fixed Djvide-by-R“ 
counting function. It is also useful in general- 
purpose counters for instrumentation func- 
tions such as totalizers, production counters, 
and “time out“ timers. 


The total of these numbers (2665) times 
8 equals 21,320. The first counting section 
can be preset to 7. Therefore, 21,327 is the 
maximum possible count in the -r 8 mode. 
The highest count of the various modes is 
shown in the column entitled Extended 
Counter Range of Table 1. Control inputs 
Kb and Kc can be used to initiate and lock 
the counter in the “master preset" state. 


The CD4059A series types are available in a 
24-lead ceramic dual-in-line package, 24-lead 
dual-in-line plastic package, 24-lead ceramic 
flat pack, and in chip form. 







CL — 

l • 


24 

— V DD 

L — 

2 


23 

“OUT 

J 1 — 

3 


22 

— J 5 

J2 — 

4 


21 

— J6 

J3 — 

5 


20 

— J7 

J4 — 

6 


19 

— J8 

JI6 — 

7 


18 

— J9 

JI5 — 

8 


17 

— JIO 

JI4 — 

9 


16 

— Jll 

J 1 3 — 

10 


15 

— JI2 

Kc — 

II 


14 

— Ka 

v ss — 

12 


13 

— Kb 

TOP VIEW 
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TERMINAL DIAGRAM 


Features: 

■ Synchronous Programmable -r N Counter: 

N = 3 to 9999 or 15,999 

■ Presettable down-counter 

■ Fully static operation 

■ Mode-select control of initial decade 

counting function (-F 10,8,5,4,2) 

■ T^L drive capability 

■ Master preset initialization 
* Latchable -f N output 

■ Quiescent current specified to 15 volts 

■ Max. input leakage current of 1 jliA at 15 

volfSjfull package-temperature range 

■ 1 volt noise margin, full package- 

temperature range 

■ 5-V and 10-V parametric ratings 

Applications 

■ Communications digital frequency 

synthesizers: VHF, UHF, FM, AM,etc. 

■ Fixed or programmable frequency 

division 

■ “Time out" timer for consumer-appli- 

cation industrial controls 

■ Companion Application Note,ICAN-6374, 

“Application of the COS/MOS CD4059A 
Programmable Divide-by-ISI Counter in 
FM and Citizens Band Transceiver 
Digital Tuners" 

OPERATING CONDITIONS AT T A = 25°C 
(Unless otherwise specified) 

For maximum reliability , nominal operating condi- 
tions should be selected so that operation is always 
within the following ranges. 


Characteristic 

VDD 

Min. 

Max. 

Units 

Supply Voltage 





Range 

— 

3 

12 

V 

(overfull temp, 
range) 





Clock Pulse 

5 

200 

— 

ns 

Width 

10 

100 

- 


Clock Input 

5 

— 

1.5 

MHz 

Frequency 

10 

- 

3 

Clock Input Rise 

5 

— 

15 

ns 

and Fall Time 

10 

— 

5 
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DYNAMIC ELECTRICAL CHARACTERISTICS AT T A = 25°C, Cl = 50 pF, Input t r ,tf = 20 ns, MAXIMUM RATI NGS, 

RL = 200 k£2 Absolute-Maximum Values: 


CHARACTERISTIC 

CONDI- 

TIONS 

Vdd 

(V) 

LIMITS 

ALL PACKAGES 

UNITS 

Min. 

Typ. 

Max. 

Propagation Delay Time; tpni_* *PLH 

5 

- 

180 

360 

ns 

10 

- 

90 

180 

Transition Time: 

»THL 

5 


35 

70 

ns 

10 

- 

20 

40 

l TLH 

5 

- 

100 

200 

10 

- 

50 

100 

Maximum Clock Input Frequency, fQL 

s_ ; 

1.5 

3 

- 

MHz 

10 

3 

6 

- 

Average Input Capacitance, C| 

(any input) 

- 

- 

5 

- 

pF 


PROGRAM JAM INPUTS (BCD) 



STORAGE-TEMPERATURE 
RANGE (T ST g) .... 
OPERATING-TEMPERATURE 
RANGE (T A ): 

Package Types D,K,H . . 

Package Type E 
DC SUPPLY-VOLTAGE 
RANGE, Vqd (Voltages 
referenced to Vgs terminal) . 
POWER DISSIPATION PER 
PACKAGE (P D ): 

For T A = -40 to +60° C 
(Package Type E) . 

For T A - +60 to +85°C 
(Package Type E) 

Derate Linearly to 
For T A = —55 to +100°C 
(Package Types D,K,H) 

For T A = +100 to +1 25°C 
(Package Types D,K,H) 

Derate Linearly to 
DEVICE DISSIPATION PER 
OUTPUT TRANSISTOR: 


-65 to 1 50°C 

-55 to +125°C 
—40 to + 85°C 

-0.5 to + 15 V 

500 mW 

200 mW 
500 mW 

100 mW 


For T A = Full package-tem- 
perature range (All package 

types) 100 mW 

INPUT VOLTAGE RANGE, 

ALL INPUTS .... -0.5 to V DD +0.5 V 
LEAD TEMPERATURE 


(During Soldering): 

At distance 1/16 ± 1/32 inch 
(1 .59 ± 0.79 mm) from case 
for 10 s max +265°C 



92CS-26939 


Fig. 3 — Minimum output n -channel 
drain characteristics. 



92CS-26940 

Fig.4 — Typical output n-channel 
drain characteristics. 
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Fig.5 — Minimum output p-channel 
drain characteristics. 


DRAIN -TO -SOURCE VOLTAGE ( V D$ ) - V 



Fig.6 — Typical output p-channel 
drain characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4059A Types 


STATIC ELECTRICAL CHARACTERISTICS 



Conditions 

Limits 

Values at -£L5°C,+25°C,+ 1 25° C Apply to D,K,H Packages 
Values at -40°C f +25 0 C f +85°C Apply to E Packages 


Characteristic 

vo 

V|N 

Vdd 

Units 

(V) 

(V) 

(V) 

ccO 

-40° 

+85° 


+25° 



-bo 

+1Zo v ' 

Min. 

Typ. 

Max. 


Quiescent Device 



5 

10 

10 

700 

300 

_ 

0.02 

10 


Current, 



10 

20 

20 

200 

400 

- 

0.02 

20 

/iA 

lL Max. 



15 

- 

- 

- 

- 

- 

- 

500 


Output Voltage: 
Low Level, 


0,5 

5 

0.05 


0 

0.05 


Vol Max. 


0,10 

10 

0.05 

- 

0 

0.05 

\/ 

High Level, 


0,5 

5 

4.95 

4.95 

5 

- 


Voh Min. 


0,10 

10 

9.95 

9.95 

10 

- 


Noise Immunity: 
Inputs Low, 



5 

1.5 

1.5 

2.25 



V|sil Min. 



10 

3 

3 

4.5 

- 


Inputs High, 



5 

1.5 

1 

2.25 

- 

V 

Vjsjh Min. 



10 

3 

3 

4.5 

- 


Noise Margin: 
Inputs Low, 

4.5 


5 

1 


VnML Min. 

9 


10 

1 

v 

Inputs High, 

0.5 


5 

1 


VNMH Min. 

1 


10 

1 


Output Drive 
Current: 

N -Channel 
(Sink) 

IqN Min. 

0.4 


5 

2.5 

2.3 

1.6 

1.4 

2 

4 



0.5 


10 

5 

4.7 

3.3 

2.8 

4 

9 

... 


P-Channel 

2.5 


5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 


mA 

(Source) 

4.6 


5 

-0.5 

-0.45 

-0.36 

-0.3 

-0.4 

-0.8 

- 


IqP Min. 

9.5 


10 

-1.1 

-1 

-0.75 

-0.65 

-0.9 

-1.8 

- 


1 nput Leakage 
Current:* 
l|L, l|H Max. 



15 

±1 

±10-5 

±1 

UA 


* Any Input 


TABLE I 


MODE 

SELECT 

FIRST COUNTING 
ccptihw 

LAST COUNTING 

CCPTIOM 

COUNTER 

RANGE 

INPUT 







DESIGN 

EXTENDED 




MODE 

Can be 
preset 


MODE 

Can be 
preset 




Ka 

Kb 

Kc 

Di- 

vides 

by: 

to a 

max 

of: 

Jam A 

inputs 

used: 

Di- 

vides 

by: 

to a 

max 

of: 

Jam A 
inputs 
used : 

Max. 

Max. 

1 

1 

1 

2 

1 

J1 

8 

7 

J2,J3,J4 

15,999 

17,331 

0 

1 

1 

4 

3 

J1,J2 

4 

3 

J3,J4 

15,999 

18,663 

1 

0 

1 

5 

4 

J1 ,J2,J3 

2 

1 

J4 

9,999 

13,329 

0 

0 

1 

8 

7 

J1,J2,J3 

2 

1 

J4 

15,999 

21,327 

1 

1 

0 

10 

9 

J1,J2,J3,J4 

1 

0 

- 

9,999 

16,659 

X 

0 

0 

MASTER PRESET 



MASTER PRESET 

- 

- 


X = Don't Care 
A J1 « Least significant bit. 


J4 = Most significant bit. 



Fig. 7 — Typical low-to-high propagation delay 
time vs. load capacitance. 
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Fig.8 — Typical high-to-low propagation delay 
time vs. load capacitance. 



Fig. 9 — Typical low-to-high transition time 
vs. load capacitance. 



Fig. 10 — Typical high-to-low transition time 
vs. load capacitance. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4059A Types 



Fig. 11 — Typical max. dock frequency 
vs. supply voltage. 


HOW TO PRESET THE CD4059A TO DESIRED -S- N 


The value N is determined as follows: 

N = [MODE*] [1000 x Decade 5 Preset + 100X Decade 4 
Preset + 10X Decade 3 Preset + 1 X Decade 2 Preset ] + Decade 1 Preset 
* MODE= First counting section divider (10, 8, 5, 4 or 2) 

To calculate preset values for any N count, divide the N count by the Mode. 

The resultant is the corresponding preset values of the 5th through 2nd 
decade with the remainder being equal to the 1st decade value. 

Preset Value =^- 

Examples: 

A) N = 8479, Mode = 5 MODE SELECT = 5 

PreSet ValueS 

^5 I 8479 Ka Kb Kc 

Mode N 10 1 


( 1 ) 


( 2 ) 



Fig. 12 — Typical power dissipation vs. 
input frequency. 


PROGRAM JAM INPUTS (BCD) 

4 15 9 

' ' ' f '' N 1 A r " m " ^ 

J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 J11 J12 
0011 1010 1001 

To verify the results use Equation 1 : 

N = 5 (1000X 1 + 100 X 6 + 10 X 9+ 1 X 5) + 4 
N = 8479 

B) N = 12382, Mode = 8 
1547 + 6 
8 | 12382 


6 

J13 J14 J15 J16 
0 110 


MODE SELECT = 8 

Ka Kb Kc 
0 0 1 


PROGRAM JAM INPUTS 



Fig. 13 — Typical power dissipation 
vs. clock input frequency. 


1 


J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 J11 J12 
0111 1110 0010 

To verify : 

N = 8 (1000 X 1 + 100 X 5 + 10 X 4 + 1 X 7) + 6 
N = 12382 

C) N = 8479, Mode =10 

0847 + 9 
10 | 8479 

PROGRAM JAM INPUTS 


J 1 3 J14 J 1 5 J16 
10 10 


MODE SELECT = 10 


Ka Kb Kc 
1 1 0 


8 


J1 J2 J3 J4 
10 0 1 
To Verify: 


J5 J6 J7 J8 J9 J10 J11 J 1 2 

1 1 1 0 0 0 1 0 


J 1 3 J14 J 1 5 J16 
0 0 0 1 


N = 10 (1000 X 0 + 100 X 8 + 10 X 4 + 1 X 7) + 9 
N = 8479 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4059A Types 


APPLICATIONS 


1) DIGITAL PLL FOR FM BAND SYNTHESIZER 



Calculating Min & Max "N" Values: 

Output Freq. Range it 0 ) = 98.8 to 1 18.6 MHz 
Channel Spacing Freq. (f c ) = 200 kHz 
Division Factor (k) = 40 


f c 200 

Reference Freq. (fr) = — = kHz = 5 kHz 

k 40 


fo 118.6 MHz 98.8 MHz 

fk= 40" 


fkMax. = — = 2.965 MHz; f k Min = 


40 


2.47 MHz 


N = 


kl 118.6 MHz 
NMax ~ — 593 

,V,aX 200 kHz 


98.8 MHz 

NMin = = 494 

Vl 200 kHz 


2.56 MHz 

R = = 512 

5 kHz 


2) -^N Counter Configuration for UHF — 220 to 400 MHz 

Channel Spacing: 50kHzor25kHz 



50/25 kHz 100 kHz 1MHz 10 MHz 100 MHz 


NMax = 


400 MHz 
25 kHz 


= 16,000 


400 MHz 

= 8,000 


NMin = 


220 MHz 
25 kHz 


= 8,800 


N Min 


220 MHz 
50 kHz 


= 4,400 


3) Counter Configuration for VHF — 1 1 6 to 1 60 MHz 

Channel Spacing = 12.5 kHz 



12.5 kHz 100 kHz 1MHz 10 MHz 100 MHz 


NMax = 


160 MHz 
12.5 kHz 


= 12,800 


NMin = 


116MHz 
12.5 kHz 


9,300 


4)-rN Counter Configuration for VHF - 30 to 80 MHz 

Channel Spacing: 25 kHz 


5)^N Counter Configuration for AM — 995 to 2055 kHz 

Channel Spacing =10 kHz 



25 kHz 100 kHz 1MHz 10 MHz 



10 kHz 100 kHz 1MHz 


NMax 


80 MHz 
25 kHz 


3,200 


NMin 5 " 


30 MHz 
25 kHz 


1200 



2055 kHz 
10 kHz 


205 


NMin = 


995 kHz 
10 kHz 


99 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4059A Types 


Fig. 14 shows a BCD-switch compatible ar- 
rangement suitable for -r 8 and -r 5 modes, 
which can be adapted, with slight changes, 
to the other divide-by-modes. In order to be 
able to preset to any number from three to 
about 256,000, while preserving the BCD- 
switch compatible character of the jam in- 
puts, a rather complex cascading scheme is 
required. Such a cascading scheme is neces- 
sary because the CD4059A can never be pre- 
set to a count less than 3 and logic is needed 
to detect the condition that one of the num- 


bers to be preset in the CD4059A is rather 
small. In order to simplify the detection 
logic, only that condition is detected where 
the jam inputs to terminals 6, 7, and 9 would 
be low during one count. If such a condition 
is detected, and if at least 1 is expected to be 
jammed into the MSB counter, the detection 
logic removes one from the number to be 
jammed into the MSB counter (with a place 
value of 2000 times the divide-by mode) and 
jams the same 2000 into the CD4059A by 
forcing terminals 6, 7, and 9 high. 


REMAINDER 


UNITS (* 8 OR 5) 


TENS ( *8 OR 5) 



Fig . 14 — BCD switch-compatible system of the most general kind. 


The general circuit in Fig.14 can be simpli- 
fied considerably if the range of the cas- 
caded counters does not have to start at a 
very low value. Fig. 15 shows an arrange- 
ment in the -r 4 mode, where the counting 
range extends in a BCD-switch compatible 
manner from 88,003 to 103,999. The ar- 
rangement shown in Fig. 15 is easy to follow; 
once during each cycle, the less significant 
digits are jammed in (14,712 in this case) 
and then 11,000 (4 x 2750) is jammed in 
eight times in succession, by forcing jam in- 
puts high or low, as required. 

Numbers larger than the extended counter 
range can also be produced by cascading 
the CD4059A with some other counting 
device. Fig. 16 shows such an arrangement 
where only one fixed divide-by number is 


desired which is close to three times the ex- 
tended counter range as shown in the last 
column of Table I. . The dual flip-flop wired 
to produce a 4- 3 count, can be replaced by 
other counters such as the CD4029, CD451 0, 
CD451 6, CD401 7, or the CD4022. In Fig.16 
the -i- N subsystem is preset once to a number 
smaller than the desired divide-by number. 
This smaller number represents the less sig- 
nificant digits of the divide-by number. The 
subsystem is then preset one or more times 
to a round number (e.g. 1000, 2000) and 
multiplied by the number of the divide-by 
mode (-5- 2 in the example of Fig.16). It is 
important that the second counting device 
has an output that is high or low, as the 
case may be, during only one of its counting 
states. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4060A Types 


COS/MOS 14-Stage Ripple- Carry 
Binary Counter/Divider and Oscillator 

The RCA-CD4060A consists of an oscillator Feetures: 

section and 14 ripple-carry binary counter 

stages. The oscillator configuration allows * 4-MHz operating frequency (typ.) at Vpp — V$$ = 10 V 

design of either RC or crystal oscillator * Common reset 

circuits. A RESET input is provided which " Fully static operation 

resets the counter to the all-O's state and u 10 buffered outputs available 

disables the oscillator. A high level on the ■ Quiescent current specified to 15 V 

RESET line accomplishes the reset function. ■ Maximum input leakage current of 1 fJA 

All counter stages are master-slave flip-flops. at 15 V (full package-temperature range) 

The state of the counter is advanced one ■ 1-V noise margin (full package-temper- 
step in binary order on the negative transi- ature range) 

tion of $|(0 q).AII inputs and outputs are 

fully buffered. Oscillator Features: 

The CD4060A-Series types are supplied in 



16-lead hermetic dual-in-line ceramic pack- ■ All active components on chip 

ages (D, F, and Y suffixes), 16-lead dual-in- ■ RC or crystal oscillator configuration 

line plastic packages (E suffix), 16-lead 

ceramic flat packages (K suffix), and in chip Applications: 

form (H suffix). 

■ Timers 

■ Frequency dividers 

MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T stg ) -65to+150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F. K, H -55to+125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 



(Voltages referenced to Vgs Terminal): 


-0.5 to +15 V 


POWER DISSIPATION PER PACKAGE (P D ) 

FOR T a = -40 to +60 °C (PACKAGE TYPES E,Y) 500 mW 

FOR T a = +60 to +85 °C (PACKAGE TYPES E,Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) . . . .Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265 °C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


Fig. 1 — Typical n -channel drain characteristics. 



\ 7.5 10 12.5 15 

DRAIN - TO - SOURCE VOLTAGE <V DS J-V 


92CS-2I5I2 



Fig. 2 — Minimum n-channel drain characteristics. 


DRAIN -TO -SOURCE VOLTAGE (V 0S )— V 
-15 -10 -5 



Fig. 3 - Typical p-channel drain characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4060A Types 

STATIC ELECTRICAL CHARACTERISTICS 


Limits at Indicated Temperatures ( C) 


DRAIN -TO -SOURCE VOLTAGE (V DS ) — V 


Conditions 


Characteristic 


Quiescent Device 
Current II Max. 


Output Voltage: 
Low Level, 

VQL 


High Level 
VQH 


D,K,F,H Packages 


E, Y Packages 


(V) 

(V) 

<v> 

-55 

Typ. 

Limit 

+125 

-40 

Typ. 

Limit 

+85 

- 

- 

5 

15 

PEI 

15 

900 

50 

1 

50 


- 

- 

10 

25 

1 

25 

1500 

100 

2 

100 

BED 

- 

- 

15 1 


50 

2000 

500 

5 

500 

Effifil 



Inputs High 

vnh 


Noise Margin: 
Inputs Low, 

VnML 


Inputs High, 
VNMH 


Output Drive 
Current:* 
n-Channel 
(Sink), 
l D N Min. 


0 Typ.; 0.05 Max. 


0 Typ.; 0.05 Max. 


4.95 Min.; 5 Typ. 


9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 


3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ. 


3 Min.; 4.5 Typ. 


1 Min. 


1 Min. 




0.18 0.125 0.21 0.36 0.18 0,15 



0.5 


10 

0.44 

0.75 

0.36 

0.25 

0.42 

0.75 

0.36 

0.3 

p-Channel 

(Source), 

IqP Min. 

EBBI 

5 

I 

-0.25 

BUlMSlBlJUlsSl 

-0.145 

IHISH 

-0.1 


- 

10 

-0.3 


-0.25 


-0.5 

-0.25 

-0.2 





I 

il 

:»! 

sill 




::::::: 

::::::: 

::::::: 

iiiiii 

!::::: 
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3gi£±±h±i±i£±: AMBIENT TEMPERATURE !T A )■ 25“C 

typical temperature coefficient 

AT ALL VALUES OF V 00 « + 0 3 % /*C 
















































































































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4060A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A *= 25°C, Input t r , tf <* 20 ns, 

C L =15pF, R L = 200kS2 


CHARACTERISTIC 


LIMITS 

UNITS 

TEST 

CONDITIONS 

D.F.K.H 

Packages 

E.Y 

Packages 


V DD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input-Pulse Operation 

Propagation Delay 

Time, to Q4 Out; 
tPHL^PLH 


5 

- 

900 

1800 

- 

900 

1900 

ns 

10 

- 

450 

900 

- 

450 

950 

Propagation Delay 

Time, Q n toQ n+1 ; 
tPHL-tPLH 


5 

- 

450 

900 

- 

450 

950 

ns 

10 

- 

225 

450 

- 

225 

475 

Transition Time, 
l THL' l TLH 


5 

— 

150 

300 

— 

150 

350 

ns 

10 

- 

75 

150 

- 

75 

175 

Min. Input-Pulse 

Width tyy 

f=100 kHz, 

5 

- 

200 

400 

- 

200 

500 

ns 

10 

- 

75 

110 

— 

75 

125 

Input-Pulse Rise & Fall 
Time, t r 0, 


5 

- 

- 

15 

- 

- 

15 

/is 

10 

- 

- 

7.5 

- 

- 

7.5 

Max. Input-Pulse 
Frequency, 


5 

1 

1.75 

— 

0.9 

1.75 

— 

MHz 

10 

3 

4 

- 

2.75 

4 

- 

Input Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

PF 

Reset Operation 

Propagation Delay 

Time, tp|_jL 


5 


500 

1000 

— 

500 

1250 

ns 

10 

- 

250 

500 

- 

250 

600 

Minimum Reset 

Pulse Width, tyy 


5 

- 

500 

1000 

- 

500 

1250 

ns 

10 

— 

250 

500 

— 

250 

600 



92CS-24556 

Fig. 9 — Typical maximum-input-pulse frequency 
vs. supply voltage. 



Fig. 10— Typical dynamic power dissipation 
characteristics. 


TEST PERFORMED 
WITH UNITIN ALL 
"O's" STATE AND 
ALL "Vs" STATE 
AND INPUTS AT 10 V 
AND GROUND 


V DD 



Fig. 11 - Quiescent-device current test circuit 


V DO 



Fig. 12 — Noise-immunity test circuit. 


V DD 

MD* 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 ANO V ss 
CONNECT ALL UNUSED 

INPUTS TO EITHER 

J V 00 ORV ss - 

VSS 92CS-ZT402 


Fig. 13— Input-leakage-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4062A Types 

COS/MOS 200-Stage Dynamic Shift Register 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +1 50 C 

OPERATING-TEMPERATURE RANGE (T A ): # 

PACKAGE TYPES K, T, H -55 to +1 25° C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V§s Terminal) "0-5 to +1 5 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T a = -55 to +1 00° C (PACKAGE TYPES K, T) 500 mW 

FOR T A = +100 to +125° C (PACKAGE TYPES K, T) . . Derate Linearly at 12mW/° Cto200mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALLINPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING) : 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265° C 


2(2)* 


* RECIRC 
rc Sj*nIR_ 


3>i 


OUTPUT 

~ BUFFER 


CL (b) 

Ji 



CL (a) 


CL (b) 

ll 


CL (a) 

ii 




*ALL INPUTS ARE PROTECTED 
BY COS/MOS 
PROTECTION NETWORK 


“ TERMINAL NUMBERS IN 
PARENTHESES REFER TO 
12-LEAD TO -5 STYLE 
PACKAGE 


* TRANSMISSION GATE 
INPUT TO OUTPUT IS: 

(a) A BIDIRECTIONAL LOW IMPEDANCE WHEN CONTROL INPUT 
IS " LOW * AND CONTROL INPUT 2 IS “HIGH" 

(b) AN OPEN CIRCUIT WHEN CONTROL INPUT I IS "HIGH" AND 
CONTROL INPUT 2 IS "LOW" 

CL (a) * INTERNAL CLOCK IN PHASE WITH CL , 

CL (b) = INTERNAL CLOCK IN PHASE WITH CL 2 

92CM.— 22695R2 


III 

2 -PHASE O 
CLOCK 



ALL INPUTS ARE PROTECTED 
BY COS/MOS 
PROTECTION NETWORK 



CKH 


CL (o) * INTERNAL CLOCK IN PHASE WITH CL, 
CL (b) * INTERNAL CLOCK IN PHASE WITH CL Z 

* TERMINAL NUMBERS IN 
PARENTHESES REFER TO 
12-LEAD TO -5 STYLE 
PACKAGE 


mi 


Cm 1 


ct-in. 


_A_ 


92CM- 22700R2 


Fig. 2 — Clock circuit logic diagram. 





°-r 

RC — *- 
REC— 

200 DYNAMIC 
STAGES 


CM 

CL — ►- 
CL, 

cl 2 -^ 

rn v 


CLOCK 

GENERATOR 

»CL, 0 

U~^CL20 

92CS- 24664 

CD4062A 

FUNCTIONAL DIAGRAM 


The RCA-CD4062A is a 200-stage dynamic 
shift register with provision for either single- 
or two-phase clock input signals. Single- 
phase-clocked operation is intended for low- 
power, low clock-line capacitance require- 
ments. Single-phase clocking is specified for 
rhedium-speed operation (< 1 MHz) at sup- 
ply voltages up to 10 volts. Clock input ca- 
pacitance is extremely low « 5 pF), and 
clock rise and fall times are non-critical. The 
clock-mode signal (CM) must be low for 
single-phase operation. 

Two-phase clock-input signals may be used 
for high-speed operation (up to 5 MHz) or to 
further reduce clock rise and fall time re- 
quirements at low speeds. Two-phase opera- 
tion is specified for supply voltages up to 1 5 
volts. Clock input capacitance is only 50 pF/ 
phase. The clock-mode signal (CM) must be 
high for two-phase operation. The single- 
phase-clock input has an internal pull-down 
device which is activated when CM is high 
and may be left unconnected in two-phase 
operation. 

The logic level present at the data input is 
transferred into the first stage and shifted 
one stage at each positive-going clock transi- 
tion for single-phase operation, and at the 
positive-going transition of CL<| for two-phase 
operation. 

The CD4062A-Series types are supplied in 
16-lead flat packages (K suffix), 12-lead 
hermetic TO-5 packages (T suffix), and in 
chip form (H suffix). 

Features: 

■ Minimum shift rates over full tempera- 
ture range— 

Single-phase dock: 3 V < Vqq < 10 V; 
f m in - 10 kHz; -55° C < T A < +125° C 
(f min -1kH2 U ptoT A <75°C) 

Two-phase clock: 3 V < Vqd < 16 V; 
f min - 10 kHz; -55° C < T A < +125° C 
(f mjn -1kHzuptoT A <75°C) 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4062A Types 

RECOMMENDED OPERATING CONDITIONS at T A = 25' C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For T A = Full 





Package-Temperature Range): 





Single-Phase Clock 


3 

10 


Two-Phase Clock 


3 

12 

V 

Clock Input Frequency, 

5 

0.15 

500 


f CL* 

10 

0.15 

1000 

KHZ 

Clock Pulse Width, 

5 

250 

66.7 X 10 6 



10 

500 

66.7 X 10 6 

ns 

Clock Rise or Fall Times, 

5 

_ 

10 


t r CL or tfCL* 

10 

- 

1 

JUS 

Data Hold Time, tj-j* 

5 

10 

150 

50 

— 

ns 


* For single-phase clock, 50% duty cycle 

Two-Phase Clock Operation (CL*j, CL 2 ); Clock Mode (CM) = High; 3 V < Vpp < 15 V. See Figure 4. 


CHARACTERISTIC 


Maximum Clock Input Frequency, fcL 


Minimum Clock Input Frequency, f(^L 



Average Input Capacitance, Cj 
CL V CL 2 


Propagation Delays; tp H L , t pLH 
CLj to Q 


CL-j to CL-jq 
CL 2 to CL 2 q 


Minimum Data Setup Time - 
tS CL, 


JT 


ojsT 


Minimum Data Hold Time- 
^CL, 


J 




Clock Rise and Fall Times t r CL-|, CL 2 
tfCL-j, CL 2 


TEST CONDITIONS 


V DD 

V 


10 


10 


10 


10 


10 


10 


LIMITS 


MIN. 


1.25 


2.5 


150 


150 


40 


TYP. 


2.5 


10 


10 


50 


250 


100 


250 


100 


150 


50 


MAX. 


500 


200 


500 


200 


300 


100 


UNITS 


MHz 


Hz 


PF 


No Restrictions If 
Clock Overlap Require- 
ment Is Met 


Features (Cont'd): 


Low power dissipation 
0.3 mW/bit at 1 MHz and 10 V 
0.04 mW/bit at 0.5 MHz and 5V 
(alternating 1-0 data pattern) 

Data output TTL-DTL compatible 
Recirculating capability 
Delayed two-phase clock outputs availa- 
ble for cascading registers 
Asynchronous ripple-type presettable to 
all 1's or 0's 

Ultra-low-power-dissipation standby oper- 
ation 

Quiescent current specified to 15 V 
Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 
1-V noise margin (full package-tempera- 
ture range) 


Applications: 

■ Serial shift registers 

■ Time-delay circuits 

■ CRT refresh memory 
* Long serial memory 


lr^ 



X=DATA SET-UP TIME 
HIGH TO LOW 
Y * DATA HOLD TIME 
Z=DATA SET-UP TIME 
LOW TO HIGH 


92CS-22702RI 


Fig. 3 — Timing diagram— single-phase dock. 



Fig. 4 — Timing diagram— two-phase dock. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4062A Types 


STATIC ELECTRICAL CHARACTERISTICS 

I 1 Tlj 

CONDITIONS 


LIMITS AT INDICATED 
TEMPERATURES (°C) 


AMBIENT TEMPERATURE (Ta>-25*C 
TYPICAL TEMPERATURE COEFFICIENT IS-0.3%/*C 
AT ALL VALUES OF Vqs 


CHARACTERISTICS 


Quiescent Device 
Current, Max. 

CM=High, CLi=Higf 
CL2=Low 


Output Voltage: 
Low Level, 


High Level 
V OH 


Noise Immunity: 
Inputs Low, 

V NL 


Inputs High 
V NH 


Noise Margin: 
Inputs Low, 

V NML 


Inputs High, 
V NMH 


Output Drive 
Current: 
N-Channel 
(Sink), 

l n N MinJ Q 


v o 

V IN 

V DD 


+25 


(V) 

<V) 

(V) 

-55 

TYP. 

LIMIT 

+125 

- 

- 

5 

12 

0.5 

12 

720 

— 

— 

10 

25 

1 

25 

1500 

- 

- 

15 

50 

1 

50 

2000 


UNITS 



0 Typ.; 0.05 Max 


10 10 0 Typ.; 0.05 Max 


0 5 4.95 Min.; 5 Typ. 


0 10 9.95 Min.; 10 Typ. 


5 1.5 Min.; 2.25 Typ. 


3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ. 


3 Min.; 4.5 Typ. 


Output Q 5 
CL-jq, 0.5 
cl 2D 0.5 


P-Channel 

(Source): 

IpP Min. I 



0.31 -0.5 -0.25-0.17 


Input Leakage 
Current, 



±10"° Typ., ±1 Max. 


* Maximum power dissipation rating < 200 mW. 





091 rnA 
3.2 


Q 


H! 

5 

-0.93 

-1.5 

EH3 

-0.52 

Output 

ES 

- 

10 

, -0.87 

-1.4 

BS9 

-0.49 

CLid- 

u^i 

- 

5 

-0.43 

, -0.7 

-0.35 

-0.24 

cl 2D 

9.5 

B 

10 

-1.1 

-1.8 

-0.9 

-0.63 


■■■SnSSSSS ssssssssssssssssssssssss 

■■■■■■■■■■■ 



WS»a^iilS85SSSSSSSSSS8»SSSSSBSSSSSSSSS| 

FIlasssssssssssssssssssBSsgsssssgigggggssgsirl 




0 2030405060 70 8090 100 

LOAD CAPACITANCE <C L )-pF MCS-19750 

Fig. 8— Typical transition time vs. C^_ for 
delayed dock output. 


504 




























































































































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4062A Types 

DYNAMIC CHARACTERISTICS AT T A - 25* C, V$$ = 0 V, C L = 50 pF, Input t r , tf = 20 ns, 
except t r C L and tf CL 

Single-Phase-Clock Operation; Clock Mode (CM) - Low; 3 V < Vpp < 10 V (See Figure 3) 



** If more than one unit is cascaded in single-phase parallel clocked application, t r CL should be made less than 
or equal to the sum of the propagation delay at 1 5 pF, and the transition time of the output driving stage. 
(See Figs. 5 and 7 for cascading options.) 

A Use of delayed clock permits high-speed logic to precede CD4062A register (see cascade register operation). 



92CS-Z4666 

Fig. 9— Typical power dissipation vs. frequency. 



92CS-24667 


Fig. 10 — Minimum shift frequency vs. ambient 
temperature. 



Fig. 


1 1— Quiescent-device -current ^ 

test circuit. or 

10 V 



Fig. 12 — Noise-immunity test 
circuit. 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 00 AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V D0 °" V SS 


92 CS - 22402 


Fig. 13— Input-leakage-current 
test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4066A Types 

COS/MOS Quad Bilateral Switch 


For Transmission or Multiplexing 
of Analog or Digital Signals 

RCA CD4066A is a quad bilateral switch 
intended for the transmission or multiplex- 
ing of analog or digital signals. It is pin-for- 
pin compatible with RCA-CD4016, but ex- 
hibits a much lower ON resistance. In addi- 
tion, the ON resistance is relatively constant 
over the full input-signal range. 

The CD4066A consists of four independent 
bilateral switches. A single control signal is 
required per switch. Both the p and the n 
device in a given switch are biased ON or 
OFF simultaneously by the control signal. As 
shown in Fig. 1, the well of the n-channel 
device on each switch is either tied to the 
input when the switch is ON or to V 35 when 
the switch is OFF. This configuration elimi- 
nates the variation of the switch -transistor 
threshold voltage with input signal, and thus 
keeps the ON resistance low over the full 
operating-signal range. 

The advantages over single-channel switches 
include peak input-signal voltage swings 
equal to the full supply voltage, and more 
constant ON impedance over the input- 
signal range. For sample-and-hold applica- 
tions, however, the CD4016 is recommended. 

The CD4066A is available in 14-lead ceramic 
dual-in line packages (D, F, Y suffixes), 14- 
lead plastic dual-in-line packages (E suffix), 
14-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 


SPECIAL CONSIDERATIONS - CD4066A 

1. In applications where separate power 
sources are used to drive Vqq and the 
signal inputs, the Vqq current capability 
should exceed Vqq/Rj_ (Rl = effective 
external load of the 4 CD4066A bilateral 
switches). This provision avoids any 
permanent current flow or clamp action 
on the Vqq supply when power is applied 
or removed from CD4066A. 


Features: 

■ 15-V digital or ± 7.5-V peak-to-peak switching 

■ 80£2 typical ON resistance for 15-V operation 

■ Switch ON resistance matched to within 5 Ft over 15-V 

signal-input range 

■ ON resistance flat over full peak-to-peak 

signal range 

■ High ON/OFF output-voltage ratio: 65 dB 

typ. @ fj s = 10 kHz, R|_ * 10 k£2 

■ High degree of linearity: < 0.5% distor- 

tion typ. @ fj s - 1 kHz, Vj s = 5 Vp p, 
V DD “V ss >10V,R L =10kft 

■ Extremely low OFF switch leakage result- 

ing in very low offset current and high 
effective OFF resistance: 10 pA typ. @ 

Vdd-Vss^^v^a^ 25 ^ 

■ Extremely high control input impedance 

(control circuit isolated from signal 
circuit): 10^ 2 £2 typ. 

■ Low crosstalk between switches: -50 dB 

typ. @ f is = 0.9 MHz, R l = 1 kft 

■ Matched control-input to signal-output 

capacitance: Reduces output signal 
transients 

■ Frequency response, switch ON = 40 MHz 

(typ.) 

■ Quiescent current specified to 15-V 

■ Maximum control input leakage current 

of i-fiA at 15-V (Full package- 
temperature range) 


IN/OUT - 
SI6 A 
OUT/IN - 




IU-. CONT 



■*v DD 


92CS-ZI627 

CD4066A 

FUNCTIONAL DIAGRAM 


CONTROL 

v c 


HH 


NORMAL OPERATION 
CONTROL-LINE BIASING: 
SWITCH 0N,\fcY«V D D 
SWITCH OFF. Vc "0"«Vss 



4 ^ 


OUT 

Vos 


SIGNAL- LEVEL RANGE. 
V$S S Vi 5 — V DD 


*ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

92CS-2I628RI 


Fig. 1 — Schematic diagram of 1 of 4 identical 
switches and its associated control cir- 
cuitry. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE (T stg ) -65to+125°C 

OPERATING TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES (E, Y) -40 to +85°C 

DC SUPPLY VOLTAGE RANGE, Vp D 

(Voltages referenced to V55) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE: 

FOR T a = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C(PACkAGE TYPES D, F, K) Derate Linearly at 1 2 mW/°C . . . 200 mW 

DEVICE DISSIPATION PER SECTION: 

FOR T A =FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 


ALL SIGNAL AND DIGITAL CONTROL INPUTS V, 

LEAD TEMPERATURE (DURING SOLDERING): 


SS 


< V, < V, 


DD 


2. In certain applications, the external load- 
resistor current may include both Vqq 
and signal-line components. To avoid 
drawing Vqq current when switch cur- 
rent flows into terminals 1, 4, 8 , or 11, 
the voltage drop across the bidirectional 
switch must not exceed 0.8 volt (calcu- 
lated from Rqn values shown). 

No Vqq current will flow through Rl 
if the switch current flows into terminals 
2, 3, 9, or 10. 


At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 

OPERATING CONDITIONS AT T A - 25°C 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges. 


CHARACTERISTIC 

V DD 

MIN. 

MAX. 

UNITS 

Supply Voltage Range 

(T a = Full Package Tempera- 
ture Range) 

- 

3 

12 

V 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4066A Types 

Applications: 

■ Analog signal switching/multiplexing 

Signal gating Modulator 

Squelch control Demodulator 
Chopper Commutating switch 

■ Digital signal switching/Multiplexing 

ELECTRICAL CHARACTERISTICS 


■ Transmission -gate logic implementation 

■ Analog-to-digital & digital -to-analog con- 

version 

■ Digital control of frequency, impedance, 

phase, and analog-signal gain 



Fig. 2 (a) — Typical channel ON resistance vs. signal 
voltage for three values of supply volt- 
a 9^ iV DD -Vss^ 



92CS- 23914 


Fig. 2 (b) — Typical channel ON resistance vs. signal 
voltage with supply voltage (Vq D — 
V SS ) = 5V. 



Fig. 2 fc) — Typical channel ON resistance vs. signal 
voltage with supply voltage (Vqq— 
V SS )=10V. 



92CS- 23916 


Fig. 2 (d) — Typical channel ON resistance vs. signal 
voltage with supply voltage (Vqq— 

V ss )=t5V. 


CHARACTERISTIC 

CO 
All V 
A 

TEST 

NDITIONS 

o/tage Values 
re in Volts 

LIMITS 

Values at -55°C, +25 0 C/ +125°C Apply to 
D, F, K, H Packages 

Values at -40°C, +25°C, +85° C Apply to E, Y 
Packages 

UNITS 


V DD 

(V) 

-55° 

-40° 

+85° 

+125° 

+25° 



TYP. 

MAX. 

Quiescent Device Current, 1 ^ max, 

D, F,K, HPkgs. 

E. Y Pkgs. 


5 

0.25 

_ 

_ 

7.5 

0.01 

0.25 

HA 

10 

0.5 

- 

- 

15 

0.01 

0.5 

15 

2 

_ 

_ 

40 

0.02 

2 

5 

- 

2.5 

15 

- 

0.25 

2.5 

PA 

10 

- 

5 

30 

- 

0.25 

5 

15 

- 

50 

500 

- 

0.5 

50 

SIGNAL INPUTS (V js ) AND OUTPUTS (V QS ) 



ON Resistance, Rq N Max. 

< < 

o o 

O II 

v ss 

V is 

220 

250 

300 




n 

r l = iok n* 

+7.5 

-7.5 

-7.5 to 
+7.5 

+ 15 

0 

0 to 

+ 15 

+5 

-5 

-5 to 

+5 

400 

450 

520 

550 

120 

500 

+10 

0 

0 to 
+ 10 

+2.5 

-2.5 

-25 to 
+2.5 

3000 

3500 

5200 

5500 

270 


-5 

0 

0 to 

+5 

A 

ON Resistance Between 

Any 2 of 4 Switches, 

A r on 

R L = 10kft* 

- 

- 

- 

- 

5 


n 

+7.5 

o 

+ 15 

-7.5 

r 

0 

+7.5 to 

-7.5 

+15 to 
to.O 

+5 

o 

+ 10 

-5 

r 

0 

+5 to 

-5 

- 

- 

- 

- 

10 


+10 to 

0 

Sine Wave Response 
(Distortion) 

+5 

-5 

5V 

p-p A 

- 

- 

- 

1 



% 

R l = lOkfl 
f js = 1kHz 

Frequency Response 

Switch ON 
(Sine-Wave Input) 

+5 | -5 | -5 p-p 

- 

- 

- 

1 



jj 

r l = ikn 

20 log, 0^2? = -3dB 

V is 

Feedthrough-Switch OFF 

+5 | -5 |-5 p-p 

- 

- 

- 

1 



H 

R l = Ikft 

V nt 

20 log 1() _£! = -50dB 
V is 

Input or Output Leakage - 
Switch OFF (Effective 

OFF Resistance) 

D 

O 

> 

v c = 
v ss 


_ 

_ 

_ 

_ 

±0.1 

±100* 

nA 

+7.5 

-7.5 


+5 

-5 

±5 

- 

- 

- 




Crosstalk 

Between Any 2 of the 4 

Switches (f at -50 dB) 

V C < a >=V dd =+5 
V C (B)=V SS = -5 
R l = IkO 

(A) 

5V 

P-P 

- 


- 

- 


- 

MHz 

20 IO9l0 V « ,B, = 

10 V js (A) 

=-50dB 


* Limit determined by minimum feasible leakage measurement for automatic testing. 
^ Symmetrical about 0 volts. * For ail test conditions. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4066A Types 


ELECTRICAL CHARACTERISTICS (Cont'd) 


CHARACTERISTIC 

TEST 

CONDITIONS 

All Voltage Values 

Are in Volts 

LIMITS 

Values at -55°C, +25°C, +125°C Apply to 
D, F, K, H Packages 

Values at -40°C, +25°C, +85°C Apply to E, Y 
Packages 

UNITS 


V DD 

(V) 

-55° 

-40° 

+85° 

+125° 

+25° 


TYP. 

MAX. 

Propagation Oelay (Signal 

Input to Signal Output) 

Vd 

V DD 

= 5 

V C =V DD 

V SS = G ND 

C L = 15pF 

Vj s = sq. wave 
t r , tf = 20 ns 

(Input Signal) 

" 

- 

- 

- 

20 

50 

ns 

ii < 

_ o 
o o 


- 

- 

- 

10 

25 

Capacitance: 

Input, Cj s 

v oo = +5 
v cc = v ss 3 " 6 

_ 

_ 

_ 

_ 

8 

_ 

pF 

Output, C QS 

_ 

- 

' _ 

- 

8 

- 

Feedthrough, C jos 

- 

- 

- 

- 

0.5 

- 

CONTROL (V c ) 


Noise Immunity, 

Min. 

V is < V DD 
l is =1QMA 

V DD " V SS= 10 

2 

2 

2 

2 

2 min 

4.5 

- 

V 

Input Leakage Current, l|^ 

Max. 

V is < V DD 

V DD “ V SS = 15 

V C < V DD " V SS 

±1 

±10 -6 

±1 

PA 

Crosstalk 

Control Input to 

Signal Output 

V DD~ V SS 
= 10 
v c =io 

(sq. wave) 

Vc = t fc 
= 20 ns 

R l = 10kfi 

- 

- 



50 

- 

mV 

R L =300kn 
v js < 10 

C L = 15pF 

Propagation Delay, tp^Q 

- 

- 

- 

- 

35 

- 

ns 

Maximum Allowable Control 

Input Repetition Rate 

v dd =10 ' v ss =gnd 

R L =1kfi,C L =15pF 

V c =10 (sq. wave) 
t r , tf = 20 ns 


- 

- 

- 

10 

- 

MHz 

Av. Input Capacitance, Cj 


- 


- 

- 

5 

- 

pF 


j. MEASURED ON BOONTON 

_|| , CAPACITANCE BRIDGE 

r = — 5 v V DD = + 5V 1 MODEL 75A (IMHz) 


°“z] 2. 


I TEST FIXTURE CAPACITANCE 


1 

CD4066A 

1 

• ( 

) T 

1 

SWITCHES 

T L 


u is -p. 

I 


6 
V$S 1 ~ 5 V 


I 


Fig. 6— Capacitance test circuit. 


v c =v D o 



t r = t f = 20 ns 


ALL UNUSED INPUTS ARE CONNECTED TO VsS- 
92CS-23920RI 


Fig. 8 — Propagation delay time signal input (V fS ) 


to signal output (V QS )- 


Vc’Vss 

<> n 

$“ V DD 

OH 


Voo 


CD4066A 
I OF 4 
SWITCHES 


VSS 




ALL UNUSED TERMINALS 
ARE CONNECTED TO V S S- 

92CS-239I9 

Fig. 7 — OFF switch input or output leakage. 



ALL UNUSED TERMINALS 
ARE CONNECTED TO V S S 

92CS-2392I 

Fig. 9 — Crosstalk-control input to signal output. 



ALL UNUSED TERMINALS ARE CONNECTED TO Vss 


92CS-23922RI 

Fig. 1 1 — Propagation delay tp^ H , tpm_ control- 
signal output. 



HP. 

MOSELEY 

7030A 


92CS -22716 


Fig. 3 — Channel ON resistance measurement circuit. 



92CS- 299*7 

Fig. 4 — Typical ON characteristics for 1 of 4 
channels. 



92CS-23924 


Fig. 5 - Power dissipation per package vs. switching 
frequency. 




ALL UNUSED INPUTS ARE CONNECTED TO V S S 
92CS-239Z3 

Fig. 10 - Maximum allowable control input repeti- 
tion rate. 


v r 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 0D AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

VdqORVss 

Vss MEASURE CONTROL 
INPUTS ONLY 

92CS- 27595 


Fig. 12 - Input leakage current test circuit. 


XD~ 

Vss 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4000B, CD4001B, CD4002B, CD4025B Types 


COS/MOS NOR Gates 

High-Voltage Types (3-to-20-Volt Rating) 
Dual 3 Input 

plus lnverter-CD4000B 
Quad 2 Input— CD4001B 
Dual 4 Input— CD4002B 
Triple 3 Input— CD4025B 

The RCA-CD4000B, CD4001B, CD4002B, 
and CD4025B NOR gates provide the system 
designer with direct implementation of the 
NOR function and supplement the existing 
family of COS/MOS gates. 


Features: 

■ Standard "B”-Series symmetrical output 
drive 

■ Propagation delay time * 30 ns (try p. ) at 
C L - 50 pF, V DD - 10 V 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 nA at 20 V 
(full package-temperature range) 

■ 5-V, 10-V, and 15-V parametric ratings 


packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 



INPUT VOLTAGE (V^-V 


MCS-IT77*** 


Fig. 1 — Minimum & maximum voltage 
transfer characteristics. 


The CD4000B, CD4001B, CD4002B, and 
CD4025B types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D, F, 
and Y suffixes), 14-lead dual-in-line plastic 


For MAXIMUM RATINGS see "Ratings and 
Characteristics." at the beginning of the COS/MOS 
section. 


FUNCTIONAL DIAGRAMS 



RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 



Supply Voltage Range (For T^ = Full 
Package-Temperature Range) 

3 

18 

V 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A - 25°C, Input t r , tf - 20 ns, 
and C L = 50 pF, R L = 200 Kft 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 


V DD 

Volts 


MAX. 

Propagation Delay Time, 


5 

60 

120 


'PHL' l PLH 


10 

30 

60 

ns 



15 

25 

50 




5 

100 

200 


Transition Time, 


10 

50 

100 

ns 

l THL' l TLH 


15 

40 

80 


Average Input Capacitance, C-j 

Any Input 


5 

- 

pF 



Fig. 2 — Typical voltage transfer characteristics 
as a function of temperature. 



B2CS-I777B 

Fig. 3~ Typical current & voltage transfer 
characteristics. 



92CS- 27556 

Fig. 4 - Typical output-N -channel drain 
characteristics . 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4000B, CD4001B, CD4002B, CD4025B Types 

STATIC ELECTRICAL CHARACTERISTICS 


AMBIENT TEMPERATURE (T. ).2S»C l 




AMBIENT T 

■MP| 

NATURE (T A )»23jCFjj 



:::::::::::::: 
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AMBIENT TEMPERATURE (T A ) ■ 23 *C 


POWER DISSIPATION P*CV D0 ‘f + PquIESCENT 




loao capacitance (c l )—pf 92CS-24322 
Typical transition time vs. load 
capacitance. 


LOAD CAPACITANCE (C L )— pF 

92CS-2755 

Fig. 9 — Typical propagation delay time 
vs. load capacitance. 


INPUT FREQUENCY (f|) - Hi «C$- 17865 

Fig. 10 — Typical dissipation characteristics. 


For quiescent device current, noise immunity, and input leakage current test circuits see "Ratings and 
Characteristics" at the beginning of the COS/MOS section. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4008B Types 
COS/MOS 4-Bit Full Adder 


With Parallel Carry Out 

High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4008B types consist of four 
full-adder stages with fast look-ahead carry 
provision from stage to stage. Circuitry is 
included to provide a fast "parallel-carry-out" 
bit to permit high-speed operation in arith- 
metic sections using several CD4008B's. 
CD4008B inputs include the four sets of bits 
to be added, A-j to A4 and B-j to 84, in addi- 
tion to the "Carry In" bit from a previous 
section. CD4008B outputs include the four 

STATIC ELECTRICAL CHARACTERISTICS 


For MAXIMUM RATINGS see "Ratings and 
Characteristics" at the beginning of the COS/MOS 
section. 

sum bits, S-| to S4, in addition to the high- 
speed "parallel-carry-out" which may be uti- 
lized at a succeeding CD4008B section. 

The CD4008B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, F, 
and V suffixes), 16-iead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +1 25 Apply to D,K,F,H Packages 

UNITS 

Vo 

(VI 

V|N 

(V) 

V DD 

(V) 

V«iu«> dl “HU, T4D, too 

1 

piy iu c, ■ rauugn 

+25 

-55 

-40 

+85 

+125 

MIN. 

TYP. 

MAX. 

Quiescent Device 
Current, II Max 

- 

- 

5 

5 

5 

50 

100 

- 

0.02 

5 

pa 

- 

- 

10 

10 

10 

100 

200 

- 

0.02 

10 

- 

- 

15 

20 

20 

200 

400 

- 

0.02 

20 

- 

- 

20 

200 

200 

1000 

2000 

- 

0.04 

100 

Output Drive 
Current: 
N-Channel 
(Sink), 

IqN Min. 

0.4 


5 

0.5 

0.45 

0.36 

0.3 

0.4 

0.8 


mA 

0.5 

- 

10 

1.1 

1 

0.75 

0.65 

0.9 

1.8 

- 

1.5 

- 

15 

3.3 

3.2 

2.5 

2.2 

3 

6 

- 

P-Channel 

(Source), 

IpP Min. 

4.6 

- 

5 

-0.5 

-0.45 

-0.36 

-0.3 

-0.4 

-0.8 

- 

2.5 

- 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

- 

10 

-1.1 

-1 

-0.75 

-0.65 

-0.9 

-1.8 

- 

13.5 

- 

15 

-3.3 

-3.2 

-2.5 

-2.2 

-3 

-6 


Output Voltage: 
Low-Level, 

Vql Max. 


0, 5 

5 

0.05 


0 

0.05 

V 

- 

0, 10 

10 

0.05 

- 

0 

0.05 


0, 15 

15 

0.05 


0 

0.05 

High-Level, 

Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0, 10 

10 

9.95 

9.95 

10 

- 

- 

0, 15 

15 

14.95 

14.95 

15 

- 

Noise Immunity: 
Inputs Low, 

V|hjl Min. 

4.2 

_ 

5 

1.5 

1.5 

2.25 

_ 

V 

9 

- 

10 

3 

3 

4.5 

- 

13.5 

- 

15 

4.5 

4.5 

6.75 

- 

Inputs High, 

V|yjn Min. 

0.8 

- 

5 

1.5 

1.5 

2.25 


1 


10 

3 

3 

4.5 

_ 

1.5 


15 

4.5 

4.5 

6.75 

- 

Noise Margin: 

Inputs Low, 

Vnml Min - 

4.5 

_ 

5 

1 

1 

_ 

_ 

V 

9 

- 

10 

1 

1 

- 

- 

13.5 

- 

15 

1 

1 

- 

- 

Inputs High, 

V NMH Min. 

0.5 

- 

5 

1 

1 

- 

- 

1 

_ 

10 

1 

1 

- 

- 


1.5 

- 

15 

1 

1 

- 

- 

Input Leakage 
Current, 
l IL , l| H Max. 

Any Input 

20 

±1 

- 

±10“ 5 

±1 

/iA 


Features: 

■ 4 sum outputs plus parallel look-ahead 
carry -output 

■ Standard "B"-Serie$ symmetrical output 
drive 

■ High-speed operation— sum in-to-sum out, 
100 ns typ.; carry in-to-carry out, 55 ns 
typ. at Vqq = 10 V, C|_ = 50 pF 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 = /iA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 
ture range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Binary addition/arithmetic units 

TRUTH TABLE 



PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

92CS-27643 

Fig. 1 — CD4008B logic diagram. 



For quiescent device current, noise immunity, and input leakage current test 
Characteristics" at the beginning of the COS/MOS section. 


40 60 so 100 120 

LOAD CAPACITANCE (C L ) — pF 

92CS -27642 

Fig. 2 — Typical sum-in to sum-out propagation delay 
time vs. load capacitance. 
circuits see "Ratings and 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4008B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25° C; Input t r , t f = 20ns, 
C L = 50 pF, R l = 200 KQ. 




LIMITS 


CHARACTERISTIC 

VdD 

ALL TYPES 

UNITS 


(V) 

TYP. 

MAX. 


Propagation Delay Time: 

5 

255 

510 


tRHL. tPLH 

10 

110 

220 

ns 

Sum In to Sum Out 

15 

75 

150 



5 

185 

270 


Carry In to Sum Out 

10 

80 

160 

ns 


15 

60 

120 



5 

240 

480 


Sum In to Carry Out 

10 

100 

200 

ns 


15 

75 

150 



5 

115 

230 


Carry In to Carry Out 

10 

55 

110 

ns 


15 

40 

80 


Output*Transition Time: 

5 

100 

200 


l PHL. tPLH 

10 

50 

100 

ns 

All Outputs 

15 

40 

80 


Input Capacitance, Cj 


5 


pF 

(Any Input) 






LOAD CAPACITANCE <C L ) — pF 


Fig. 5 — Typical sum-in to carry-out propagation 
delay time vs. load capacitance. 


DRAIN -TO -SOURCE VOLTAGE <V DS )-V 



Fig. 6 — Typical output p-channel drain 
characteristics. 



92CS-243IBRC 

Fig. 8 — Typical output n-channel drain 
characteristics. 



•2CS-243I* 

Fig. 9 - Minimum output n-channel drain 
characteristics. 



0 10 20 30 40 50 60 TO 80 90 100 

LOAD CAPACITANCE (C L ) - pF 

92CS-2TS4I 


Fig. 3 — Typical carry -in to carry-out propagation 
delay time vs. load capacitance. 



0 20 40 60 80 100 120 140 

LOAD CAPACITANCE (C L ) — pF 


92CS- 27640 

Fig. 4 — Typical carry -in to sum-out propagation 
delay time vs. load capacitance. 


DRAIN- TO -SOURCE VOLTAGE (V„ s )-V 



MCt-NSH 

Fig. 7 - Minimum output p-channel drain 
characteristics. 


10® lAMBCNT TEMPERATURE (T a )-25*C: 



INPUT FREQUENCY (f*)— kH* 

92CS- I7A29RI 

Fig. 10 — Typical dissipation characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4009B, CD4010B Types 

COS/MOS Hex Buffers/Converters Features: 


High-Voltage Types (3-to-20-Volt Rating) 

Inverting Type: CD4009B 
Non-Inverting Type: CD4010B 

The RCA-CD4009B and CD4010B Hex Buf- 
fer/Converters may be used as COS/MOS to 
TTL or DTL logic-level converters or COS/ 
MOS high-sink-current drivers. 

The CD4049B and CD4050B are preferred 
hex buffer replacements for the CD4009B 
and CD4010B, respectively, in all applica- 
tions except multiplexers. For applications 
not requiring high sink current or voltage 
conversion, the CD4069B Hex Inverter is 
recommended. 

The CD4009B and CD4010B types are sup- 
plied in 16-lead hermetic dual-in-line ceramic 
packages (D, F, and Y suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packs (K suffix), and in 
chip form (H suffix). 


Applications: 

■ COS/MOS to DTL/TTL hex converter 

■ COS/MOS current "sink" or "source" 
driver 

■ COS/MOS high-to-low logic-level 
converter 

■ Multiplexer — 1 to 6 or 6 to 1 



CD4009B 


Quiescent current specified to 20 V 
Maximum input leakage of 1 (iA at 20 V 
(full package-temperature range) 

5-V, 10-V, and 15-V parametric ratings 
High sink current for driving 2 TTL loads 
High-to-low level logic conversion 


NCO - 13 
v ccO — - 
v ssO— ^ 
vddO — ~ 



CD4010B 


Fig. 1 — Logic diagrams. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T^g) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -65to+125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V D D, Vcc) 

(Voltages referenced to Vg§ Terminal) -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (Pd): 

FOR T A * -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T A = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D,F,K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) ... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VpD +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING) : 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max. . +265° C 



Fig. 2 — Minimum & maximum voltage transfer 
characteristics — CD4009B. 


RECOMMENDED OPERATING CONDITIONS at Ta =25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range: Vqq, Vqc 
(F or Full Package Temperature Range) 

3 

18 

V 

Input Voltage Range (Vs) 

Vcc* 

18 

V 


*The CD4009 and CD4010 have high-to-low level voltage conversion capability but not low-to- 
high level, therefore it is recommended that Vdd > Vj > Vcc- 



Fig. 3 — Typical voltage transfer characteristics 
as function of temp. — CD4009B. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4009B, CD4010B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
VALUES AT -55 ,+25 ,+125 APPLY TO 
D,K,F,H PACKAGES 

VALUES AT -*40, +25 ,+85 APPLY TO 

E,Y PACKAGES 

UNITS 


< o 

V|N 

(V) 

Vcc* 

(V) 

-55 

-40 

+85 


+25 

+125 

MIN. 

TYP. 

MAX. 

Quiescent Device 
Current, 1 1_ Max 

- 

- 

5 

0.5 

0.5 

5 

10 

- 

0.01 

0.5 

juA 

- 

- 

10 

1 

1 

10 

20 

- 

0.01 

1 

- 

- 

15 

2 

2 

20 

40 

- 

0.01 

2 

- 

- 

20 

10 

10 

100 

200 

- 

0.02 

10 

Output Drive 

Current: 

N-Channel 

(Sink), 

IpN Min. 

0.4 


5 

3.75 

3.6 

2.4 

2.1 

3 

4 


mA 

0.5 

- 

10 

10 

9.6 

6.4 

5.6 

8 

10 

- 

1.5 

- 

15 

30 

40 

19 

16 

24 

36 

- 

P-Channel 

(Source), 

IqP Min. 

4.6 

- 

5 

-0.25 

-0.°3 

-0.18 

-0.15 

-0.2 

-0.4 

- 

2.5 

- 

5 

-1 

-0.9 

-0.65 

-0.58 

-0.8 

-1.6 

- 

9.5 

- 

10 

-0.55 

-0.5 

-0.38 

-0.33 

-0.45 

-0.9 

- 

13.5 

- 

15 

-1.65 

-1.6 

-1.25 

-1.1 

-1.5 

-3 

- 

Output Voltage: 

Low- Level, 

VoL Max. 

■ 



0.05 

_ 

0 

0.05 

V 




0.05 

- 

0 

0.05 

- 

uis 


0.05 

- 

0 

0.05 

High Level 

Vqh Min. 

- 

EH 

5 

4.95 

4.95 

5 

- 


QQ 

10 

9.95 



- 


QEI 

15 

14.95 


15 

- 


H 

■ 

5 

1.5 

m 

2.25 


V 

m 

- 

B 

3 

3 

B 

- 

mi 

H 

B 

4.5 

4.5 

mm 

- 

Inputs High, 

Vnh Min. 

All Types 

■ 

5 


1.5 

1.5 

H33 

- 

m 

m 


3 

3 

B 

- 

m 


15 

4.5 

B 


- 

Inputs Low 

V|s||_ Min. 

CD4009B 

3.6 

- 

5 

1 

1 

1.5 

- 

7.2 

- 

10 

2 

2 

3 

- 

10.8 

- 

15 

2.25 

2.25 

3.5 

- 

Noise Margin: 

Inputs Low, 

VNML Min. 

CD4010B 

4.5 

— 

5 

1 

1 

_ 

_ 


9 

- 

10 

1 

1 

- 

- 


13.5 

- 

15 

1 

1 

- 

- 

y 

Inputs High, 

VNMH Min 

CD4010B 

0.5 

- 

5 

1 

1 

- 

- 


1 

- 

10 

1 

1 

- 

- 


1.5 

- 

15 


1 

- 

- 


Input Leakage 

Current, 
l|L. I|H Max. 

Any Input 20 

±1 


±10“ 5 

±1 

pA 


*Vcc = Vdd 



AMBIENT TEMPERATURE 

<t a 

■25C 4; 

:: 




::: 



COLLECTOR 

SUPPLY 
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0 12 3 4 3 

INPUT VOLTS (V x ) 

9ZCS-I9955 


Fig. 4 — Minimum & maximum voltage transfer 
characteristics (Vqq =5) — CD4010B. 



INPUT VOLTS (V,) 

92SS-4195R1 

Fig. 5 — Minimum & maximum voltage transfer 
characteristics (Vqq= 10) — CD 401 OB. 
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INPUT VOLTS (V,) 92SS-4203R1 

Fig. 6 — Minimum & maximum voltage transfer 
characteristics (V qq = 15) - CD4010B. 



Fig. 7 — Typical voltage transfer characteristics 

as a function of temperature —CD4010B. 


514 














COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4009B, CD4010B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C; Input t r , tf=20 ns, 
C L =SO pF, R l =200 KSl 


AMBIENT TEMPERATURE (T A ) • 25*Ch 
LOAD CAPACITANCE (C L » ■ 15 pf t 


CHARACTERISTIC 

Propagation Delay Time: 
Low-to-High f tpi_H 


CONDITIONS 

V DD V| 

(V) (V) 


LIMITS 
ALL PKGS 

VCC 

(V) TYP. MAX. 


Input Capacitance, C| 
CD4009B 


J CERAMIC PACKAGES (» Pl hH 





DRAIN -TO -SOURCE VOLTS (V DS ) 

»2CS-I7«7« 

Fig. 10 — Minimum n-channel drain 
characteristics. 


DRAIN- TO -SOURCE VOLTAGE (V os )— V 
-6 -5 -4 


DRAIN -TO -SOURCE VOLTAGE (V^)-V 



Fig. 11 — Typical output p channel drain 
characteristics. 


Fig. 12 — Minimum output p-channel drain 
characteristics. 


80 100 

LOAD CAPACITANCE (C L )-pF 92CS -27653 

Fig. 13 — Typical low-to-high propagation delay 
time vs. load capacitance ( CD 4009 B J. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4009B, CD4010B Types 



LOAD CAPACITANCE (Cl )— pF 

92CS-2765 

Fig. 14— Typical high-to-low propagation delay 
time vs. load capacitance (C 04009 B). 



O 20 40 60 80 IOO 120 

LOAD CAPACITANCE (C L >-pF 

92CS-27453 


Fig. 15— Typical iow-to-high propagation delay 
time vs. load capacitance ( CD4010B ). 



LOAD CAPACITANCE (C L ) — pF 92CS- 27656 

Fig. 16 — Typical high-to-low propagation delay 
time vs. load capacitance ( CD4010B ). 
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0 20 40 60 80 100 120 

LOAD CAPACITANCE (C L >-pF 92cs _ 2 

Fig. 17 — Typical low -to -high transition time 
vs. load capacitance. 



Fig. 18— Typical high-to-low transition time 
vs. load capacitance. 



Fig. 19— Typical dissipation characteristics. 
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Fig. 20 — Quiescent device current 
test circuit. 


Fig. 21 — Noise immunity test 
circuit. 


Fig. 22 — Input leakage current test 
circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4011B, CD4012B, CD4023B Types 
COS/MOS NAND Gates ;r "ST. ” 


Quad 2 Input— CD401 IB 
Dual 4 Input— CD4012B 
Triple 3 Input— CD4023B 

The RCA-CD4011B, CD4012B, and 
CD4023B NAND gates provide the system 
designer with direct implementation of the 
NAND function and supplement the existing 
family of COS/MOS gates. 

The CD4011B, CD4012B, and CD4023B 
types are supplied in 14-lead hermetic dual- 
in-line ceramic packages (D, F, and V suf- 
fixes), 14-lead dual-in-line plastic packages 
(E suffix), 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


For MAXIMUM RATINGS see "Ratings and 
Characteristics," at the beginning of the COS/MOS 
section. 

RECOMMENDED OPERATING 
CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 


CHARACTERISTIC 

MIN. 

MAX. 

UNITS 

Supply Voltage 
Range 

(over full temp, 
range) 

3 

18 

V 





92CS-24759 

CD4011B CD4012B 

Fig. 1 — Functional diagrams. 

DYNAMIC ELECTRICAL CHARACTERISTICS 

At T £ ~ 25° C, Input t r , tf - 20 ns, and = 50 pF, R ^ = 200k i~l 


0=A-ft C I 

92 CS - 24 76 I 

CD4023B 


CHARACTERISTIC 


TEST CONDITIONS 

V DD 

VOLTS 


Propagation Delay Time, 

Vhl^plh 

Transition Time, 
tTHL^TLH 

Average Input Capacitance, C, Any Input 


ALL TYPES 

LIMITS 

TYP. 

MAX 

60 

120 

30 

60 

25 

50 

100 

200 

50 

100 

40 

80 

5 

- 


| AMBCN 

rrrrrr 

TEMPERATURE <T A > * 25*C 1 1 1 1 
1 1 1 I T T 1 1 1 1 1 1 T IT1 1 T 


::: 
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| AMBIENT TEMPERATURE <T fl )*25*C 
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92C5-I779Z 

Fig. 5 — Typical current & voltage transfer charac- 
teristics. 
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DRAIN -TO -SOURCE VOLTAGE (V os )-V 

UCS-27999 

Fig. 6 — Typical output-N-channel drain charac- 
teristics. 


Features: 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standard "B" Series symmetrical output 

drive 

■ Propagation delay time « 30 ns (typ.) at 

Cl* 50 pF, VpD - 10 V 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 fiA at 20 V 

(full package-temperature range) 
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Fig. 2 — Minimum & maximum voltage transfer 
characteristics. 
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92CS- 17780 

Fig. 3 — Typical voltage transfer characteristics as 
a function of temperature. 
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Fig. 4 — Typical multiple input switching transfer 
j characteristics for CD4012B. 



DRAIN -TO -SOURCE VOLTAGE (V 0S )~V 

rig. 7 — Minimum output-N-channel 









Quiescent 
Device 
Current, I ^ 
Max. 

Output Drive 
Current: 
N-Channel 
(Sink), 

IqN Min. 


P-Channel 
(Source), 
IqP Min. 


Output Voltage: 
Low-Level, 
Vq l Max. 


High Level, 
v OH Min - 


Noise Immunity: 
Inputs Low, 
V NL Min. 


Inputs High, 
V NH Min - 


Input Leakage 
Current, 

In , liu Max. 


0.5 

0.45 


0.3 

0.4 

0.8 

1.1 

1 


0.65 

0.9 

1.8 

3.3 


2.2 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4013B Types 

Dual 'D’-Type Flip-Flop 

High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD401 3B consists of two identical, 
independent data-type flip-flops. Each flip- 
flop has independent data, set, reset, and 
clock inputs and Q and Q outputs. These de- 
vices can be used for shift ^register applica- 
tions, and, by connecting Q output to the 
data input, for counter and toggle applica- 
tions. The logic level present at the D input 
is transferred to the Q output during the 
positive-going transition of the clock pulse. 
Setting or resetting is independent of the 
clock and is accomplished by a high level on 
the set or reset line, respectively. 

The CD4013B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D, F, 
and Y suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form 
(H suffix). 



For MAXIMUM RATINGS see Ratings and 
Characteristic!" at the beginning of the COS/MOS 
section. 



92CS-243I8R2 

Fig. 1 — Typical output-N-channe I drain 

characteristics. 


Features: 

■ Set- Reset capability 

■ Static flip-flop operation — retains state 

indefinitely with clock level either 
"high" or "low" 

■ Medium-speed operation — 16 MHz (typ.) 

clock toggle rate at 10V 

■ Standard symmetrical output drive 


■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 pA at 20 V 

(full package temperature range) 

■ 1-V noise margin (full package -tempera- 

ture range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Registers, counters, control circuits 


RECOMMENDED OPERATING CONDITIONS 

At T a = 25° C, Except as Noted. For maximum reliability , nominal operating condi- 
tions should be selected so that operation is always within the following ranges: 




LIMITS 


CHARACTERISTIC 

V DD 

(V) 

ALL PACKAGES 

UNITS 



MIN. 

MAX. 

Supply-Voltage Range 





(For T^ = Full Package 
Temperature Range) 


3 

18 

V 


5 

40 

- 


Data Setup Time t<- 

10 

30 

- 

ns 


15 

25 

- 



5 

140 

- 


Clock Pulse Width t w 

10 

60 

- 

ns 


15 

40 

- 



5 


3.5 


Clock Input Frequency f^L 

10 

dc 

8 

MHz 


15 


12 



5 

_ 

15 


Clock Rise or Fall Time 

10 




t r CL,* t f CL 

~ 

5 

PS 


15 



— 

5 



5 

200 

_ 


Set or Reset Pulse Width 

% 

10 

100 

- 

ns 

15 

50 

— 



*lf more than one unit is cascaded in a parallel clocked operation, t f CL should be made less than or equal to 
the sum of the fixed propagation delay time at 15 pF and the transition time of the output driving stage for 
the estimated capacitive load. 


TRUTH TABLE 



92CM -27508 


Fig. 2 — Logic diagram and truth table for CD4013B (one of two identical flip-flops). 


519 







COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4013B Types 

STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 


Quiescent 
Device 
Current, lj_ 
Max. 


Output Drive 
Current: 

N-Channel 

(Sink), 

l D N Min. 


LIMITS AT INDICATED TEMPERATURES (°C) 
CON D IT IONS Values at -55, +25, + 125 Apply to D, K, F,H Packages 
Values at -40, +25, +85 Apply to E, Y Packages 


I +25 

+85 +125 



P-Channel 
(Source) 
UP Min. 


Output Voltage 
Low-level, 
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t2CS- 2432 

Fig. 4 - Typical output-P-channel drain 
characteristics. 
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Fig. 6— Typical propagation delay time vs. load 
capacitance ( CLOCK or SET to Q, CLOCK 
or RESET to~Q). 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4013B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T a = 2?C; Input t r , t f = 20 ns, C L = 50 pF, R L = 200 kQ. 



TEST 


LIMITS 




CONDITIONS 










CHARACTERISTIC 


V DD 

ALL PACKAGES 

UNITS 



(V) 

MIN. 

TYP. 

MAX. 


Propagation Delay Time: 


5 

_ 

150 

300 


Clock to Q or Q Outputs 


10 


65 

130 

ns 

Vhl^plh 


15 

- 

45 

90 




5 

■ 

150 

300 


Set to Q or Reset to Q tp LP | 


10 

■ 

65 

■9 

ns 



15 

HI 

45 

H 




5 

- 

200 

400 


Set to Q or Reset to Q tp^ L 


10 

- 

85 

170 

ns 



15 

- 

60 

120 




5 

- 

100 

200 


Transition Time tjHL' *TLH 


10 

- 

50 

100 

ns 



15 

- 

40 

80 





3.5 

7 

— 


Maximum Clock Input Frequency 
Frequency # 



8 

16 

- 

MHz 


15 

12 

24 

— 




5 

- 

70 

140 


Minimum Clock Pulse Width t ^ 


10 

- 

30 

60 

ns 



15 

- 

20 

40 




5 

— 

90 

180 


Minimum Set or Reset Pulse 

Width tyy 


10 

- 

40 

80 

ns 


15 

- 

25 

50 




5 

- 

20 

40 


Minimum Data Setup Time t<> 


10 

- 

15 

30 

ns 



15 

- 

12 

25 


Clock Rise or Fall Time 


5 

10 

— 

— 

15 

10 





MS 

VCL, l fCL 

15 



— 

— 

5 


Average Input Capacitance C| 

Any Input 

- 

5 

- 

pF 


#lnput t r , t f = 5 ns. 
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Fig. 7 - Typical propagation delay time vs. load 
capacitance (SET to Q or RESET to Q. 



92CS-26392RI 


Fig. 8 — Typical maximum dock frequency vs. 
supply voltage. 
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Fig. 9 — Typ. dissipation characteristics. 
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NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 AND V SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

V D0 °* V SS 


92CS- 27402 


Fig. 10 — Noise immunity test circuit. 


Fig. 11 — Input leakage current test circuit. 


V D0 



92CS- 27401 

Fig. 12 — Quiescent device current 
test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4016B Types 

COS/MOS Quad Bilateral Switch 


For Transmission or Multiplexing 
of Analog or Digital Signals 

High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4016B Series types are quad 
bilateral switches intended for the trans- 
mission or multiplexing of analog or digital 
signals. Each of the four independent bi- 
lateral switches has a single control signal 


input which simultaneously biases both the 
p and n device in a given switch ON or OFF. 
The CD4016 "B" Series types are supplied 
in 14-lead hermetic dual-in-line ceramic pack- 
ages (D,F,Y suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic 
flat package (K suffix), and in chip form 
(H suffix). 



Features: 

■ 20- V digital or ± 10-V peak-to-peak switching 

■ 280-12 typical ON resistance for 15-V operation 

■ Switch ON resistance matched to within 10 12 
typ. over 15-V signal-input range 

■ High ON/OFF output-voltage ratio: 

65 dB typ. @ f j s = 10 kHz, R |_ = 10 k!2 

■ High degree of linearity: <0.5% distortion 
typ. @ f js = 1 kHz, Vj$ = 5 Vp.p, 

VDD-VSS > 10 V, Rl = 10 k!2 

■ Extremely low OFF switch leakage result- 
ing in very low offset current and high ef- 
fective OFF resistance: 

10 pA typ. @ V DD -Vss = 10 V, T A = 25°C 

■ Extremely high control input impedance 
(control circuit isolated from signal circuit: 
1012 n typ. 

■ Low crosstalk between switches: 

-50 dB typ. @ f is = 0.9 MHz, R L = 1 k!2 

■ Matched control-input to signal-output 
capacitance: 

Reduces output signal transients 

■ Frequency response, switch ON = 40 MHz 

(typ.) 

■ Quiescent current specified to 20 V 

■ Maximum input leakage current of 1 juA 
at 20 V (full package-temperature range) 


Applications: 

■ Analog signal switching/multiplexing 

Signal gating ■ Modulator 

Squelch control ■ Demodulator 

Chopper ■ Commutating switch 

■ Digital signal switching/multiplexing 

■ COS/MOS logic implementation 

■ Analog-to-digital & digital-to- 
analog conversion 

■ Digital control of frequency, impedance > 
phase, and analog-signal gain 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE (T $tg ) -66 to +150°C 

OPERATING TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D. F, K. H -55 to +125 °C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE. (V DQ ) 

(Voltages referenced to Vgg Terminal) —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P Q ) 

FOR T A = -40 to +60°C (PACKAGE TYPES E.Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E.Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D. F, K) 500 mW 

FOR T a = +100 to + 125°C (PACKAGE TYPES D. F. K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 - 1/32 inch (159 ± 0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range (For T A = Full Package 
Temperature Range) 

3 

18 

V 


TYPICAL "ON" RESISTANCE CHARACTERISTICS 


CHARAC 

TERISTIC* 

SUPPLY 

CONDITIONS 

LOAD 

CONDITIONS 

R l = lk!2 

R l = 1 0kl2 

R l = 100kl2 | 

V DD 

(VI 

V SS 

(V) 

VALUE 

(S2) 

v is 

(V) 

VALUE 

(12) 

v is 

(V) 

VALUE 

(12) 

v is 

(V) 

r on 

+15 

0 

200 

+15 

200 

+ 15 

180 

+ 15 

200 

0 

200 

0 

200 

0 

R ON (max * 

+ 15 

0 

300 

+ 11 

300 

+9.3 

320 

+9.2 

r on 

+ 10 

0 

290 

+ 10 

250 

+ 10 

240 

+ 10 

290 

0 

250 

0 

300 

0 

R 0N (max.) 

+10 

0 

500 

+7.4 

560 

+5.6 

610 

+5.5 

r on 

+ 5 

0 

860 

+ 5 

470 

+ 5 

450 

+ 5 

600 

0 

580 

0 

800 

0 

R ON* max * 

+ 5 

0 

1.7k 

+4.2 

7k 

+2.9 

33k 

+2.7 

r on 

+7.5 

-7 5 

200 

+7.5 

200 

+7.5 

180 

+7.5 

200 

-7.5 

200 

-7.5 

180 

-7.5 

R ON (max ) 

+7.5 

-7.5 

290 

±0 25 

280 

±25 

400 

±0.25 

r on 

+ 5 

- 5 

260 

+ 5 

250 

+ 5 

240 

+ 5 

310 

- 5 

250 

- 5 

240 

- 5 

R ON (max .) 

+ 5 

- 5 

600 

±0.25 

580 

±0 25 

760 

±0.25 

r on 

+2.5 

-2.5 

590 

+2.5 

450 

+2.5 

490 

+2.5 

720 

-2.5 

520 

-2.5 

520 

-2.5 

R ON< max > 

+2.5 

-2.5 

232k 

±0.25 

300k 

±0.25 

870k 

±0.25 


# Variation from a perfect switch, Rqn = 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4016B Types 

ELECTRICAL CHARACTERISTICS (All input* . Vss< V|< Vqd) 

Recommended DC Supply Voltage (Vdd-V$s). .3 to 15 V) 


Characteristic 

Tart Conditions 

AH Voltage Values 
are in Volts 

Limits 

Valuesat -55 0 C+25°C^125 0 C Apply to D.F.K.H Packages 
Values at —4GPC,+25°C,+85 0 C Apply to E, Y Packages 

Unit 


v D d 

(V) 

-55° 

—40° 

+85° 

+125° 

+25°C 

Typ. 

Max. 

Quiescent Device 
Current, 1 l max 
(All switches ON 
or all Switches 

OFF) 

D.F.K.H Pkgs 


5 

0.25 



10 

0.01 

0.25 

pA 

10 

0.5 

- 

- 

20 

0.01 

0.5 

15 

2 

- 

- 

40 

0.01 

2 

20 

10 

- 

- 

200 

0.02 

10 


E.Y Pkgs 


5 

- 

025 

5 

- 

- 

0.25 


10 

- 

0.5 

10 

- 

- 

0.5 


15 

- 

2 

20 


- 

2 

pA 

20 


10 

100 

- 

- 

10 


| Signal Inputs (Vj t ) and Outputs (V os ) j 

ON Resistance, 

Ron 

v c - 

v dd 

Vss 

Vi, 

Typ/Max 

Typ/Max 

Typ/Max 

Typ/Max 

200 

400 

12 

r l = iokn # 

120/360 

1 30/370 

260/520 

300/600 

+7.5 

7.5 

+ 7.5 

-7.5 

1 20/360 

1 30/370 

260/520 

300/600 

200 

400 

+0 25 

130/775 

160/790 

400/1080 

470/1230 

280 

850 

+5 

-5 

+ 5 

1 30/600 

150/610 

340/840 

400/960 

250 

660 

-5 

1 30/600 

150/610 

340/840 

400/960 

250 

660 

+0.25 

325/1870 

370/1900 

770/2380 

900/2600 

580 

2000 

■ 

wm 

+ 15 

120/360 

1 30/370 

260/520 

300/600 

200 

400 

OE3 

120/360 

1 30/370 

260/520 

300/600 

200 

CM 

EH 

150/775 

180/790 


490/ 1 230 

300 


|Q 

mm 

Bll 


150/610 

E33E53I 

400/960 

250 

■^»M 


mmm 

150/610 


400/960 

250 

WJJtW 



kwiMl.'f.l 


880/2600 

560 

ESM 

AON Resistance 
Between Any 

2 of 4 Switches 

ARON 

ESBQS9H 





10 


12 

CD 

BB 

HOI 

+ 5 

-5 

♦5 

- 

- 



15 

~ 

Sine Wave 

Response 

(Distortion) 

H 

H 

5V 

P-P* 

■ 

■ 

■ 

■ 


■ 

% 

r L 
f|S = 

= 10 kS2 

1 kHz 

Frequency Response 
Switch ON 
(Sine-Wave 

Input) 

H 

-5 

5 

p p 

- 


- 

- 

40 

- 

MHz 

RL = 1 kS2 

Vos 

20 logio~ = 

V IS 

-3dB 

Feedthrough 

Switch OFF 

SEEBtMBM 


- 

- 

- 

1.25 

1 

MHz 

R L = 1 k!2 
20logio^2l = 

-50 dB ,s 

Input or Output 
Leakage Current 
Switch OFF 
(Effective OFF 
Resistance) 

vdd 

v c = 

vss 

■ 

■ 

■ 

■ 

H 

■ 

■ 

PA 

EH 


D 

m 

Q 

■ 

■1 


■■ 


Qmn 

Ol 


V V SS< 


Vj,»V0O 


(j) (j)V DD 


Vss6 v ss| 


ALL UNUSED TERMINALS 
ARE CONNECTED TO V$S 


V ° D / — V VcmVdd Vdd 

OT X 
t r ,tf »20nt 


°nl 


CD40I6B 

h 0 — 

CD40I6B 


1 1 Vu.Vbo 1 




v sso 

ALL UNUSED TERMINALS ARE 
CONNECTED TO Vss 


j£pF 


9ZCS- 27668 


Fig. 4 — "OFF" switch input or output 
leakage current test circuit. 


Fig. 5 — Test circuit for square-wave 
response. 



92CS- 27660 

Fig. 1 — Typ. "ON" characteristics for 1 of 4 

switches with Vqq = +15 V, LAjs = 0 V. 



Fig. 2 — Typ. "ON" characteristics for 1 of 4 

switches with Vqq = +10 V, 1^55 = 0 V. 



Fig. 3 — Typ. "ON" characteristics for 1 of 4 
switches with Vqq - +5 V , I /55 ~ 0 V. 


5" 

i ° 

35 

i ~ 29 

S 

—5 

SUPPLY VOLTS: Vjjq'+T: 
AMBIENT TEMPERATURE 


8 

••ar^*aSrrTaMaSaaTaaarTjTaSTa!rita?aatTataaa?5aa 

!■■■£■■ ■■■■■■« 

V 

mm 

9MB 

B 


-75 -5 -2.5 0 2.5 5 7.5 

INPUT SIGNAL VOLTS (V, S ) 

92CS- 27663 


Fig. 6 — Typ. "ON" characteristics for 1 of 4 

switches with Vqq - + 7.5 V, V$$ = -7.5 V. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4016B Types 


ELECTRICAL CHARACTERISTICS (Cant'd) j V$s < V|< Vqd) 

Recommended DC Supply Voltage (Vqd-Vss) . .3 to 15 V) 


Characteristic 

Tast Conditions 

AH Voltage Values 
are in Volts 

Limits 

Values at -55°C,+25°C,+ 125°C Apply to D,F,K,H Packages 
Values at -4CPC,+25°C,+85°C Apply to E,Y \ Packages 

Unit 


Vdd 

(V) 

-66° 

—40° 

+88° 

+125° 

+26°C 


na 

Mix. 


Crosstalk Between 
Any 2 of 4 

Switches 
(f = -50 dB) 

V C (A)=V DD =+5 
V C (B)=Vss=-5 
V is (A) =5p-pj 
R L =1 kft 

V os (B) 

20l °91°vdAT 

-50 dB 

- 

- 

- 

- 

0.9 

- 

MHz 

Propagation 

Delay (Signal 

Input to 

Signal Output) tpd 

V C “ V DD 
= 10 

Voo = GND 
Cl = 50 pF 
V js = lOSq. 
Wave 

t r , t f = 20 ns 

vdd 

5 





40 

100 

ns 

10 

15 


- 

- 

- 

20 

15 

50 

40 

Capacitance: 

Input, Cj s 

Output, C os 
Feedthrough, Cj os 

VdD =+5 

V CC =V SS = ~ 5 

_ 




4 


pF 

hbh 


EfjPfjgf 

mi 

4 

- 

- 


- 

- 

02 

- 

Control (Vc) 

Switch Threshold 
Voltage, Vjh 


vdd 

5 

1 min; 2.25 typ. 

V 

lj s = lOpA 

mm 

2 min; 4.5 typ. 


15 

2 min; 6.75 typ. 

Input Leakage 
Current.ljL max 

V 1S <V DD 

vdd 

=20 

♦ 1 0 -5 typ; ±1 max. 

A'A 

Crosstalk 
(Control Input 
to Signal Output) 

m 

- 

- 

- 

- 

50 

■ 

mV 

Turn-On 

Propagation Delay, 
tp dc 

M 

vdd 

5 





35 

70 

ns 

10 

15 

- 

- 

- 

- 

20 

15 

H 

Maximum 

Allowable Control 
Input Repetition 
Rate 

Vdd = 10, 

Vss=GND 

Rl= 1 kS2, 
C L =50pF 

VcC = 10(Sq.Wave) 

t r ,tf = 20 ns 

- 

- 

- 

- 

10 

- 

MHz 

Av. Input 
Capacitance, C| 


- 

- 

- 

- 

5 

- 

pF 




* Limit determined by minimum feasible leakage current measurement for automatic testing. 
a Symmetrical about 0 volts. 

• For all test conditions. 



92CS- 16080 



92CS-I6070 


Fig. 10 - Typical crosstalk between switch 
circuits in the same package. 


Fig. 11 — Typical switch frequency response 
— switch "ON". 


6 

M 4 

i 

» 

1 2 

t 

2 0 

<n w 

5 

Q. 

»- 

8 - 2 

-4 

SUPPLY VOLTS : Vpp ■ +5 
AMBIENT TEMPERATURE 

5UBh||| 

liipil! 

I 



■fflltillllllllllitijlMllK 

:gg ? Vi, 

ll — ov - 

I 


-4 -2 0 2 4 6 

INPUT SIGNAL VOLTS (V, s ) 

92CS- 27664 


Fig. 7 — Typ. "ON" characteristics for 1 of 4 

switches with Vqq = + 5 V, I /55 = -5 V. 



Fig. 8 — Typ. "ON" characteristics for 1 of 4 

switches with Vqq = + 2.5 V, I/55 = -2.5 V. 



temp, for 1 of 4 switches with Vqq = +5 V, 
V SS = -5V. 



' OFF ". 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4027B Types 

COS/MOS Dual J-K Master-Slave Flip-Flop 


The RCA-CD4027B is a single monolithic 
chip integrated circuit containing two iden- 
tical complementary-symmetry J-K master- 
slave flip-flops. Each flip-flop has provi- 
sions for individual J, K, Set, Reset, and 
Clock input signals. Buffered Q and Q 
signals are provided as outputs. This input- 
output arrangement provides for compatible 
operation with the RCA-CD4013B dual D- 
type flip-flop. 

The CD4027B is useful in performing con- 
trol, register, and toggle functions. Logic 
levels present at the J and K inputs along 


with internal self-steering control the state 
of each flip-flop; changes in the flip-flop 
state are synchronous with the positive- 
going transition of the clock pulse. Set and 
reset functions are independent of the clock 
and are initiated when a high level signal is 
present at either the Set or Reset input. 

The CD4027B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, 
F,andY suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal) —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D ( F, K) 500 mW 

FOR T a = +100 to + 1 25°C (PACKAGE TYPES D, F. K) Derate Linearly at 12mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1 .59 - 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 

For maximum reliability , nominal operating conditions should be selected so that 
operation is always within the following ranges: 





LIMITS 


CHARACTERISTIC 


Vdd 

Ail 

Packages 

UNITS 



(V) 

Min. 

Max. 


Supply-Voltage Range 

(For T a = Full Package Temperature Range) 

- 

3 

18 

V 



5 

200 

- 


Data Setup Time 

l s 

10 

75 

- 

ns 



15 

50 

- 




5 

140 

- 


Clock Pulse Width 

t w 

10 

60 

- 

ns 



15 

40 

- 




5 


3.5 


Clock Input Frequency (Toggle Mode) 

f CL 

10 

dc 

8 

MHz 



15 


12 




5 

- 

15 


Clock Rise or Fall Time t r CL*, 

t f CL 

10 

- 

5 

MS 



15 

- 

5 




5 

180 

- 


Set or Reset Pulse Width 

x w 

10 

80 

- 

ns 


15 

50 

- 



* If more than one unit is cascaded in a parallel clocked operation, t r CL should be made less 
than or equal to the sum of the fixed propagation delay time at 15 pF and the transition 
time of the output driving stage for the estimated capacitive load. 



92CS-I7I87RI 


CD4027B 

Functional Diagram 


Features: 

■ Set-Reset capability 

■ Static flip-flop operation — retains state 
indefinitely with clock level either 
"high" or "low" 

■ Medium speed operation — 16 MHz (typ.) 
clock toggle rate at 10 V 

■ Standard symmetrical output drive 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 juA at 20 V 
(Full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Registers, counters, control circuits 



92CS-243I8R2 

Fig. 1 — Typical output N-channef 
drain characteristics. 



92CS-243I9 

Fig.2 — Minimum output N -channel 
drain characteristics. 


52! 







COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4027B Types 

STATIC ELECTRICAL CHARACTERISTICS 


ORAIH- TO -SOURCE VOLTAGE (V os )-vJ 


Conditions 


Characteristic 


Limits at Indicated Temperatures (°C) 

Values at -55, +25,+ 125 Apply to D,K,F,H Packages 

\/a/iiac at — AD -4-OR -4-QR Artrth/ trt f V Dar'lranac UnitS 


V 0 V IN V DD 
(V) (V) (V) 


Quiescent Device 
Current,! |_ Max. 


Output Drive 
Current: 
N-Channel 
(Sink), 

IqN Min. 


P-Channel 

(Source), 

I r>P Min. 


Output Voltage 
Low- Level, 


0.5 0.45 


3.3 3.2 


-0.45 




f +25 

+85 

+125 

Min. 

Typ. 

50 

100 

_ 

0.02 

100 

200 

- 

0.02 

200 

400 

- 

0.02 

1000 

2000 

— 

0.04 

0.36 

0.3 

0.4 

0.8 

0.75 

0.65 

0.9 

1.8 

2.5 

2.2 

3 

6 

-0.36 

-0.3 

-0.4 

-0.8 

-1.3 

-1.15 

-1.6 

-3.2 

-0.75 


-0.9 

-1.8 


High Level, 
Vqh Min. 


Noise Immunity 
Inputs Low, 


Inputs High 


Noise Margin 
Inputs Low, 


Inputs High, 
V NMH Min - 


Input Leakage 
Current, 



























































































































































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4027B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r/ tf = 20 ns. 
Cl = 50 pF, R L = 200 k£l 




LIMITS 


CHARACTERISTIC 

Vdd 

All Packages 

UNITS 


(V) 

Min. 

Typ. 

Max. 


Propagation Delay Time: 

5 

- 

150 

300 


Clock to Q or Q Outputs 

10 

- 

65 

130 

ns 

tRHL- tPLH 

15 

- 

45 

90 



5 

- 

150 

300 


Set to Q or Reset to Q tpm 

10 

- 

65 

130 

ns 


15' 

- 

45 

90 



5 


200 

400 


Set to Q or Reset to Q tp|^|_ 

10 

- 

85 

170 

ns 


15 

- 

60 

120 



5 

- 

100 

200 


Transition Time tTHL^TLH 

10 

- 

50 

100 

ns 


15 

- 

40 

80 



5 

3.5 

7 



Maximum Clock Input 


16 



Frequency# (Toggle Mode) 

10 

8 

— 

MHz 

fCL 

15 

12 

24 

— 



5 

- 

70 

140 


Minimum Clock Pulse Width tyy 

10 

- 

30 

60 

ns 


15 

- 

20 

40 



5 


90 

180 


Minimum Set or Reset Pulse 




Width tyy 

10 

— 

40 

80 

ns 

15 

- 

25 

50 



5 

- 

100 

200 


Minimum Data Setup Time tg 

10 

- 

35 

75 

ns 


15 

- 

25 

50 



5 

_ 



15 


Clock Rise or Fall Time 

10 





10 

Ms 

l rCL' l fCL 

15 

— 

_ 

5 

Average Input Capacitance C| 

Any 


5 


P F 


Input 






# Input t r , tf = 5 ns. 



Fig. 7 — Typical dissipation characteristics. 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 0D AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD °* V SS 


9*CS- 27402 


Fig. 8 ~~ Input leakage current test circuit. 



Fig.9 — Noise immunity test circuit. 



92CS-27553 

Fig. 10 — Typical propagation delay ji me vs. 
load capacitance (SET to Q or 
RESET to Q). 



Fig. 11 — Typical maximum dock frequency vs. 
supply voltage (toggle mode). 


v oo 



Fig. 12 — Quiescent device current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4041B Types 

COS/MOS Quad True/Complement Buffer 


Features: 


High Voltage Types (3 to 20-Volt Rating) 

The RCA-CD4041B types are quad true/ 
complement buffers consisting of n- and 
p-channel units having low channel resistance 
and high current (sourcing and sinking) 
capability. The CD4041 is intended for use 
as a buffer, line driver, or COS/MOS-to-TTL 
driver. It can be used as an ultra-low power 
resistor-network driver for A/D and D/A 
conversion, as a transmission-line driver, and 
in other applications where high noise im- ■ 
munity and low-power dissipation are pri- 
mary design requirements. 

The CD4041B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D,F, 


Balanced sink and source current; approximately 4 times 
standard "B" drive 

Equalized delay to true and complement outputs 
Quiescent current specified to 20 V 
Maximum input leakage of 1 juA at 20 V 
(full package-temperature range) 

1-V noise margin (full package-temperature 
range) 

5-V, 10-V, and 15-V parametric ratings 


Y suffixes), 14-lead dual-in-line plastic pack- 
ages (E suffix), 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 



MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -66 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D. F, K, H -55 to +125 °C 

PACKAGE TYPES E,Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V qq) 

(Voltages referenced to Vg§ Terminal) —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (Pp): 

FOR T A = -40 to +60°C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E. Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F. K) 500 mW 

FOR T a = +100 to + 1 25°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For Ta=FuII Package- 
Temperature Range) 

3 

18 

V 


Applications: 

■ High current source/sink driver 

■ COS/MOS-to-DTL/TTL Converter 

■ Display driver 

■ MOS clock driver 

■ Resistor network driver 
(Ladder or weighted R) 

■ Buffer 

■ Transmission line driver 



92CS- 27537 

Fig. 1 — Typical output-N -channel 
drain characteristics. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C, Input V, = 20 ns, 

C|_ = 50pF, RL = 200kn 


CHARACTERISTIC 

CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 


Vdd 

Volts 

Typ. 

Max. 

Propagation Delay Time: 


5 

60 

120 


tPHL. 


10 

35 

70 

ns 

tPLH 


15 

25 

50 




5 

40 

80 


tjH L» 

Transition Time 


10 

20 

40 

ns 

tTLH 


15 

15 

30 


Average Input Capacitance C| 

Any Input 

5 

- 

pF 



92CS-275 3# 

Fig. 2 — Minimum output-N -channel 
drain characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4041B Types 

STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 


Quiescent Device 
Current,! i_Max. 


Output Drive 
Current 
N-Channel 
(Sink) 

IqN Min. 


P-Channe! 
(Source) 
IqP Min. 


Output Voltage: 
Low-Level, 

Vql Max. 


High-Level, 
VqH Min. 


Noise Immunity: 
Inputs Low, 
V|\JL Min. 


Inputs High, 
V|\|h Min. 


Noise Margin: 
Inputs Low, 
VnML Min. 


Inputs High, 
VNMH Min. 


Input Leakage 
Current, 
l|L, I IH Max. 


Conditions Limits at Indicated Temperatures (°C) 

Values at —55 ,+25, +125 Apply to D,K,F,H Packages 
Values at -40 ,+25 +85 Apply to E, Y Packages Units 

VqIvinIVdd —55 1-40 | +85 |+125| +25 


DRAIN -TO- SOURCE VOLTAGE (V D S)— V 

-8 -7 -6 -5 -4 -3 -2 -1 

| AMBIENT TEMPERATURE (Ta)» 25»C 4 f f f -j "H 1 1 I HUH 


IGATE- TO- SOURCE VOLTAGE (V^—SVl 


(V) (V) (V) 


Min. Typ. Max. 
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- Typical transition time vs. 
load capacitance . 
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Fig.7 — Minimum and maximum transfer 
characteristics — true output. 


Fig. 5 — Typical propagation delay time 
vs. load capacitance. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4041B Types 



92CS-2005IRI 

Fig. 9 — Typical power dissipation vs. input 
rise & fall time per output pair. 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 ANOV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

v od orv ss 


92CS-27402 

Fig. 13 — Input-leakage-current test circuit 



92CS- 20050 

Fig. 10 — Typical power dissipation vs 
frequency per output pair. 



Fig. 11 — Quiescent device current test circuit. 


V D0 



Fig. 12 — Noise immunity test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4042B Types 


COS/MOS Quad Clocked "D” Latch 


High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4042B types contain four latch 
circuits, each strobed by a common clock. 
Complementary buffered outputs are availa- 
ble from each circuit. The impedance of the 
n- and p-channel output devices is balanced 
and all outputs are electrically identical. 

Information present at the data input is 
transferred to outputs Q and Q during the 
CLOCK level which is programmed by the 
POLARITY input. For POLARITY = 0 the 
transfer occurs during the 0 CLOCK level 
and for POLARITY = 1 the transfer occurs 
during the 1 CLOCK level. The outputs 
follow the data input providing the CLOCK 
and POLARITY levels defined above are 
present. When a CLOCK transition occurs 
(positive for POLARITY = 0 and negative 
for POLARITY = 1) the information present 
at the input during the CLOCK transition is 
retained at the outputs until an opposite 
CLOCK transition occurs. 

MAXIMUM RATINGS, Absolute-Maximum Values: 


Features: 

■ Clock polarity control 

■ Q and Q outputs 

■ Common clock 

■ Low power TTL compatible 

■ Standard "B"-Series symmetrical output drive 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 /xA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15-V parametric ratings 


The CD4042B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, F, 
and Y suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix), and in chip form (H suf- 
fix). 
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FUNCTION 


Applications: 

■ Buffer storage 

■ Holding register 

■ General digital logic 



STORAGE-TEMPERATURE RANGE (T s tg) ~ 65 to +150 c 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E,Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vss Terminal): —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VDD 

LIMITS 

ALL TYPES 

UNITS 


(V) 

Min. 

Max. 


Supply-Voltage Range 





(For T A =Full Package 

— 

3 

18 

V 

Temperature Range) 






5 

150 

— 


Clock Pulse Width, tyy 

10 

100 

— 

ns 


15 

60 

- 



5 

50 

| 


Setup Time, tg 

10 

30 


ns 


15 

25 




5 

120 

■■ 


Hold Time, tn 

10 

mm 

H ■ 

ns 

15 

m 

mm 


Clock Rise or Fall 

5,10 

Not rise or fall 


Time: t r , tf 

15 

time sensitive. 

Mo 


CLOCK 

POLARITY 

Q 

0 

0 

D 

J~ 

0 

LATCH 

1 

1 

D 


1 

LATCH 


Fig. 1 — Logic block diagram & truth table. 



92CS-245ISR1! 

Fig. 2 — Typical output n-channel drain 
characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4042B Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Li 

Valu 

Value * 

mits at Indicated Ter 

es at —55, +25,+ 125 
Packagei 
at -40. +25. +85 Apt 


Units 

Vo 

(V) 

V|N 

(V) 

VdD 

IV) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

^25 

Quiescent Device 
Current, l|_ Max. 

— 

— 

n 

5 

5 

50 

100 

- 

0.02 

5 

VA 

- 

- 

1B1 

10 

KH 

100 

200 

- 

0.02 

m 

— 

— 

KH 

20 


200 

400 

- 

0.02 


- 

- 


100 

ITTSl 

1000 

2000 

- 

0.04 

rpiii 

Output Drive 

Current: 

n-Channel 

(Sink), 

IqN Min. 

0.4 


5 

0.5 

0.45 

0.36 

0.3 

0.4 

0.8 

■ 

mA 

0.5 

- 

10 

1.1 

1 

0.75 

0.65 

0.9 

1.8 

- 

1.5 

- 

15 

3.3 

3.2 

2.5 

2.2 

3 

6 

- 

p-Channel 

(Source), 

IqP Min. 

m 

- 

B 

-0.5 

-0.45 

-0.36 

-0.3 

Bn 

-0.8 

- 

m 

— 

B 

-2 

Bn 

-1.3 

-1.15 

-1.6 

-3.2 

- 

EEl 

— 

US 

-1.1 

-1 

-0.75 

-0.65 

-0.9 

-1.8 

- 

IEE1 

— 

KH 

-3.3 

BH 

-2.5 

-2.2 

-3 

-6 

- 

Output Voltage; 
Low-Level, 

VoL Max. 

- 

EH 

5 

0.05 

- 

0 

0.05 

i 

- 

0,10 

10 

0.05 

- 

0 

[221 

— 

ESS 

na 

0.05 

- 

0 


High Level, 

VoH Min. 

— 

EH 

B 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

— 


na 

14.95 

14.95 

15 

- 

Noise Immunity: 

Inputs Low, 

VfvjL Min. 

m 

— 

5 

1.5 

1.5 

2.25 

- 

V 

9 

— 

10 

3 

3 

4.5 

- 

13.5 

— 

15 

4.5 

4.5 

6.75 

- 

Inputs High, 

Vnh Min. 

0.8 

— 

5 

1.5 

1.5 

2.25 

- 

1 

- 

10 

3 

3 

4.5 

- 

1.5 

- 

15 

4.5 

4.5 

6.75 

- 

Noise Margin: 

Inputs Low, 
VNMLMin. 

4.5 

- 

5 

1 

1 

- 

- 

V 

9 

- 

10 

1 

1 

- 

- 

13.5 

- 

15 

1 

1 

- 

- 

Inputs High, 

VNMH Min. 

0.5 

- 

5 

1 

1 

- 

- 

1 

- 

10 

1 

1 

- 

- 

1.5 

— 

15 

1 

1 

- 

- 

Input Leakage 

Current, 
l|L, l|H Max. 

Any 

Input 

20 

±1 

- 

±10-5 

±1 

MA 


DRAIN -TO -SOURCE VOLTAGE (V QS )-V 



Fig. 5 - Minimum output p-channei drain 
characteristics. 
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Fig. 6 — Typical propagation delay time vs. 
load capacitance— data to Q. 
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Fig. 3— Minimum output n-channei drain 
characteristics. 
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Fig. 4 - Typical output p-channei drain 
characteristics . 


NOTE I 

CLOCK _ 

CL 


NOTE 2 


I 



NOTES: 

1. FOR POSITIVE CLOCK EDGE, INPUT DATA IS LATCHED WHEN 
POLARITY IS LOW. 

2. FOR NEGATIVE CLOCK EDGE, INPUT DATA IS LATCHED WHEN 
POLARITY IS HIGH. 


92CS-27630 

Fig. 7 — Dynamic test parameters. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4043B, CD4044B Types 

COS/MOS Quad 3-State R/S Latches 


High-Voltage Types (3-to-20-Volt Rating) 

Quad NOR R/S Latch - CD4043B 
Quad NAND R/S Latch - CD4044B 

The RCA-CD4043B types are quad cross- 
coupled 3-state COS/MOS NOR latches and 
the CD4044B types are quad cross-coupled 
3-state COS/MOS NAND latches. Each latch 
has a separate Q output and individual SET 
and RESET inputs. The Q outputs are con- 
trolled by a common ENABLE input. A 
logic "V or high on the ENABLE input 
connects the latch states to the Q outputs. 

A logic "0" or low on the ENABLE input 
disconnects the latch states from the Q 


outputs, resulting in an open circuit condi- 
tion on the Q outputs. The open circuit 
feature allows common busing of the out- 
puts. 

The CD4043B and CD4044B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D, F, Y suffixes), 16-lead 
dual in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 




Features: 

■ 3-Level outputs with common output 
ENABLE 

■ Separate SET and RESET inputs for 
each latch 

■ NOR and NAND configurations 

■ Standard M B"-Serie$ symmetrical output 
drive 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 /iA at 20 V 
(full package temperature range) 

■ 1-V noise margin (full package-tempera- 
ture range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Holding register in multi -register system 

■ Four bits of independent storage with 
output ENABLE 

■ Strobed register 

■ General digital logic 


EQUIVALENT 
NOR LATCH 



EQUIVALENT 
NAND LATCH 


-40 to +85°C 



CD4043B CD4044B v ss j 

FUNCTIONAL DIAGRAMS 

MAXIMUM RATINGS, Absolute-Maximum Values: * 5 ° — 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C — *| 

OPERATING- TEMPERATURE RANGE (T A ): equivalent 

PACKAGE TYPES D. F. K. H -55 to +125°C S1 r N ^-°- L ^ H — 

PACKAGE TYPES E, Y -40 to +85°C TV. 

DC SUPPLY-VOLTAGE RANGE. (V DD ) j 

(Voltages referenced to V<j S Terminal) -0.5 to +20 V I 

POWER DISSIPATION PER PACKAGE (Pp): * 3 o__4_£^^ 

FOR T A = -40 to +60°C (PACKAGE TYPES E.Y) 500 mW g ' 

FOR T a = +60 to +85°C (PACKAGE TYPES E.Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a - -55 to +100°C (PACKAGE TYPES D. F, K) 500 mW * 

FOR T a = +100 to +125°C (PACKAGE TYPES D. F. K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR Fi 9‘ 1 ~ 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . , 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS at T A =25° C, Except as Noted < 

For maximum reliability , nominal operating conditions should be selected so that s’ =E===== 

operation is always within the following ranges: ? » \ \\\ 111- 


DD 

T-S. 



♦all inputs protected 

BY COS/MOS INPUT 
PROTECTION NETWORK 


Fig. 1 — Logic diagrams. 



CHARACTERISTIC 


Supply-Voltage Range 
(For T^ * Full Package 
Temperature Range) 

SET or RESET 
Pulse Width, tyy 



ALL TYPES UNITS 

MIN. I MAX. 
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DRAIN -TO -SOURCE VOLTAGE (V os )-V 

92CS-243 

Fig. 2 — Typical output n -channel drain 
characteristics. 










COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4043B, CD4044B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED T 
Values at -55,+25,+125 App 
Values at -40,+25,+85 Appl> 

EMPERATURES f C) 
ly to D,K,F,H Packages 
f to E, Y Packages 

UNITS 


V| N 

(V) 

IWI 

-55 

-40 

+85 

+125 

+25 

MIN. 

TYP. 

MAX. 

Quiescent 

Device 

Current, 

>L Max. 

- 

“ 

B 

5 






5 

ma 

- 


10 

10 

10 

100 

200 

- 

0.02 

10 

- 

- 

15 

wm\ 

SI 

200 

iB 

- 

0.02 

20 

- 

- 

20 

Hjj] 






100 

Output Drive 
Current: 
N-Channel 
(Sink), 

IpN Min. 

i 

1 

5 


0.45 

0.36 




■ 

mA 


n 

E3 

1.1 

1 

0.75 

0.65 

0.9 

1.8 

- 

IS 

- 

D 


3.2 

2.5 

2.2 

■s 

jjjjj^e^ 

- 

P-Channel 

(Source), 

IqP Min. 

m 

- 





-0.3 


ESVjflj 

- 

2.5 

- 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 


- 

m 

-1.1 

-1 

-0.75 

-0.65 

-0.9 

-1.8 

- 


- 


-3.3 

-3.2 

-2.5 

-2.2 

EH 

-6 

- 

Output Volt- 
age: Low- 
Level 

Vql Max. 

I 

0,5 

i 

0.05 

■ 

■ 

0.05 

V 

- 

0, 10 


0.05 

- 

Dl 

0.05 

- 

0,15 


0.05 

- 

0 

0.05 

High-Level, 

Vq|_| Min. 

- 

0,5 

5 

4.95 


5 

- 

- 

0,10 

m 

9.95 

9.95 

10 

- 

- 

0,15 

S3 

14.95 

14.95 

15 

_ 

Noise Immun- 
ity: Inputs 
Low, 

V^l Min. 

H 


1 

1.5 

1.5 

2.25 

■ 

V 

El 

- 

B3 

3 

3 

■a 

- 

QQ 

- 

B 

4.5 

IBB 

6.75 

- 

Inputs 

High, 

VfSjH Min. 

Q 

■ 

I 

1.5 


2.25 

■ 

i 

- 


3 

3 

4.5 

- 

1.5 

- 

15 

4.5 

4.5 

6.75 

- 

Noise Margin: 
Inputs Low, 

V NML Min - 

4.5 

__ 

5 

1 

1 





V 

9 

- 

10 

1 

1 

- 

- 

13.5 

- 

15 

1 

1 

- 

- 

Inputs 

High, 

V NMH 

Min. 

0.5 

- 

5 

1 

1 

- 

- 

1 

— 

10 

1 

1 

_ 

_ 

1.5 

- 

15 

1 

1 

- 

- 

Input Leakage 
Current, 

■iL-'lH 

Max. 

Any Input 

20 

±1 

±icr 5 

±1 

mA 
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Fig. 3 — Minimum output n -channel drain 
characteristics. 
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Fig. 4 — Typical output p-channel drain 
characteristics. 
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Fig. 5 — Minimum output p-channel drain 
characteristics. 



LOAD CAPACITANCE <C L ) — pf 


92CS-74322 


Fig. 6 — Typical transition time vs. load 
capacitance. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4043B, CD4044B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25° C; Input t r , t f =20ns, 
C L = 50pF,R L =200KSl 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

ALL TYPES 

UNITS 

MIN. 

MAX. 

Propagation Delay 

5 

150 

300 


Time: t PHL ,t PLH 

10 

70 

140 

ns 

SET or RESET to Q 

15 

50 

100 


3-State Propagation Delay 

5 

115 

230 


Time: ENABLE to Q 

10 

55 

110 

ns 

tPHZ- tpZH 

15 

40 

80 



5 

90 

180 


l PLZ< l PZL 

10 

50 

100 

ns 


15 

35 

70 


Transition Time: 

5 

100 

200 


tTHL'tTLH 

10 

50 

100 

ns 


15 

40 

80 


Minimum 

5 

80 

160 


SET or RESET 

10 

40 

80 

ns 

Pulse Width, tyy 

15 

20 

40 


Average Input Capacitance, 

(Any Input) Cj 

- 

5 

- 

PF 



92CS- 27703 


Fig. 7 — Typical propagation delay time ks . toad 
capacitance— SET, RESET to Q, Q. 



OUTPUT FREQUENCY— Hi 

92CS- 20201 

Fig. 8 — Typical power dissipation vs. frequency. 
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NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 00 ANOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VD0<* V SS 


92CS- 27402 


Fig. 9 — Quiescent device current test circuit. Fig. 10 ~ Noise immunity test circuit. 


Fig. 11 — Input leakage current test circuit. 
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Fig. 12- ENABLE propagation delay time test 
circuit and waveforms. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4049B, CD4050B Types 


COS/MOS 

Hex Buffer/Converters 

High-Voltage Types (3-to-20-Volt Rating) 

CD4049B— Inverting Type 
CD4050B— Non-Inverting Type 

The RCA-CD4049B and CD4050B are in- 
verting and non-inverting hex buffers, respec- 
tively, and feature logic-level conversion using 
only one supply voltage (Vqc). The input- 
signal high level (V|h) can exceed the Vcc 
supply voltage when these devices are used 
for logic-level conversions. These devices are 
intended for use as COS/MOS to DTL/TTL 
converters and can drive directly two DTL/ 
TTL loads. (V<x = 5 V, \/o[>0A v < and 
l D N>3.2 mA.) 

The CD4049B and CD4050B are designated 
as replacements for CD4009B and CD4010B, 


respectively. Because the CD4049B and 
CD4050B require only one power supply, 
they are preferred over the CD4009B and 
CD4010B and should be used in place of the 
CD4009B and CD4010B in all inverter, cur- 
rent driver, or logic-level conversion appli- 
cations. In these applications the CD4049B 
and CD4050B are pin compatible with the 
CD4009B and CD4010B respectively, and 
can be substituted for these devices in existing 
as well as in new designs. Terminal No. 16 is 
not connected internally on the CD4049B or 
CD4050B, therefore, connection to this 
terminal is of no consequence to circuit 
operation. For applications not requiring 
high sink-current or voltage conversion, the 
CD4069 Hex Inverter is recommended. 

The CD4049B and CD4050B types are sup- 
plied in 16-lead hermetic dual-in-line ceramic 
packages (D, F, and Y suffixes), 16-lead 
dual-in-line plastic package (E suffix), 16- 
lead ceramic flat package (K suffix), and in 
chip form (H suffix). 



NC =13 


CD4049 

Functional Diagram 


Features: 

■ High sink current for driving 2 TTL loads 

■ High-to-low level logic conversion 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 juA at 20 V 
(full package-temperature range) 

Applications: 

■ COS/MOS to DTL/TTL hex converter 

■ COS/MOS current "sink" or "source" 
driver 

■ COS/MOS high-to-low logic-level 
converter 



NC =13 
NC =16 


CD4050 

Functional Diagram 


MAXIMUM RATINGS, Absolute Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -66 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E, Y -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (V cc ) 

(Voltages referenced to Vgg Terminal ) —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (Pq): 

FOR T a = -40 to +60°C (PACKAGE TYPES E.Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E,Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A =25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (Vqq) (For T A =Full Package- 
Temperature Range) 

3 

18 

V 

Input Voltage Range (V|) 

CJ 

o 

> 

18 

V 


*The CD4049 and CD4050 have high-to-low-level voltage conversion capability but not 
Iow-to-high-level; therefore it is recommended that V| ^ Vqq. 


v C c v cc 
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Fig. 1—a) Schematic diagram of CD4049B, 1 of 6 identical units; 
b) Schematic diagram of CD4050B, 1 of 6 identical units. 


Fig. 2— Minimum and maximum voltage 

transfer characteristics for CD4049B. 


Fig. 3— Minimum and maximum voltage 

transfer characteristics for CD4050B. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4049B, CD4050B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C; Input t r ,tf=20 ns, 
C l =50 pF, R L =200 k£2 


CHARACTERISTIC 

CONDITIONS 

LIMITS 
ALL PKGS. 

UNITS 

V| 

v cc 

Typ. 

Max. 

Propagation Delay Time: 
Low-to-High, tpn_| 

CD4049B 

5 

5 

60 

120 

ns 

10 

10 

32 

65 

10 

5 

45 

90 

15 

15 

25 

50 

15 

5 

45 

90 

CD4050B 

5 

5 

70 

140 

10 

10 

40 

80 

10 

5 

45 

90 

15 

15 

30 

60 

15 

5 

40 

80 

High-to-Low, tpj_j |_ 

CD4049B 

5 

5 

32 

65 

ns 

10 

10 

20 

40 

10 

5 

15 

30 

15 

15 

15 

30 

15 

5 

10 

20 

CD4050B 

5 

5 

55 

110 

10 

10 

22 

55 


5 

50 

100 

15 

15 

15 

30 

15 

5 

50 

100 

Transition Time: 

Low-to-High, tj^H 

5 

5 

80 

160 

ns 

10 

10 J 

40 

80 

15 

15 

30 

60 

High-to-Low. tj|_| |_ 

5 

5 

30 

60 

10 

10 

20 

40 

15 

15 

15 

30 

Input Capacitance, Cj 

CD4049B 



15 


pF 

CD4050B 

- 

- 

5 

- 



teristics for CD4049B, CD4050B. 


V DO 



Fig. 1 3— Quiescen t device curren t 
test circuit. 



transition time per inverter 
CD4049B. 


V DO 



Fig. 14— Noise immunity test circuit. 
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INPUT VOLTAGE (Vj )— V 

92CS-20483 

Fig. 8— Typical voltage transfer charac- 
teristics as a function of temperature 
for CD4049B. 
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INPUT VOLTAGE (V X J—V 

•2CS-20484 

Fig. 9— Typical voltage transfer charac- 
teristics as a function of temper- 
ature for CD4050B. 



Fig. 12— Typical power dissipation vs. 
transition time per inverter 
CD4050B. 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqq AND V SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V D D<* V $$ 


92 CS - 2 7402 


Fig. 15— Input leakage current test circuit 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4051B, CD4052B, CD4053B Types 
COS/MOS Analog Multiplexers/Demultiplexers* 


With Logic- Level Conversion 

The RCA-CD4051, CD4052, and CD4053 
analog multiplexers/demultiplexers are digi- 
tally controlled analog switches having low 
ON impedance and very low OFF leakage 
current. Control of analog signals up to 
20 V peak-to-peak can be achieved by digi- 
tal signal amplitudes of 4.5 to 20 V (if 
V DD- V SS = 3 V, a Vqd-Vee of up to 13 
V can be controlled; for Vqd-Vee level 
differences above 13 V, a VqD’VSS of at 
least 4.5 V is required). For example, if 
Vqd “ V, Vss = 0, and V^e = —13.5 V, 
analog signals from —13.5 V to +4.5 V can 
be controlled by digital inputs of 0 to 4.5 V. 
These multiplexer circuits dissipate extremely 
low quiescent power over the full VpD'VsS 
and Vdq-Vee supply-voltage ranges, inde- 
pendent of the logic state of the control 
signals. When a logic "1" is present at the 
inhibit input terminal all channels are OFF. 


High-Voltage Types (3-to-20-Volt Rating) 

CD4051B — Single 8-Channel Multiplexer/Demultiplexer 
CD4052B — Differential 4-Channel Multiplexer/Demultiplexer 
CD4053B — Triple 2-Channel Multiplexer/Demultiplexer 
MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE- TEMPERATURE RANGE (T S TG> -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

Package Types D, F, K, H —55 to +125°C 

Package Types E, Y —40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, V DD : 

(Voltages referenced to V$$ or Vgg, whichever is more negative) —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE: 

For T A = -40 to +60°C (Package Types E,Y) 500 mW 

For T a = +60 to +85°C (Package Types E, Y) Derate Linearly at 12 mW/°C to 200 mW 

For T A = —55 to +100°C (Package Types D, F, K) 500 mW 

For T A = +100 to +125°C (Package Types D, F, K) .... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER CHANNEL: 

For T A = Full Package-Temperature Range (All Package Types) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 


The CD4051 is a single 8-channel multi- 
plexer having three binary control inputs, A, 
B, and C, and an inhibit input. The three 
binary signals select 1 of 8 channels to be 
turned ON, and connect one of the 8 inputs 
to the output. 

The CD4052 is a differential 4-channel multi- 
plexer having two binary control inputs, A 
and B, and an inhibit input. The two binary 
input signals select 1 of 4 pairs of channels 
to be turned on and connect the analog in- 
puts to the outputs. 

The CD4053 is a triple 2-channel multi- 
plexer having three separate digital control 
inputs. A, B, and C, and an inhibit input. 
Each control input selects one of a pair of 
channels which are connected in a single- 
pole double-throw configuration. 

The CD4051, CD4052, and CD4053 are sup- 
plied in 16-lead ceramic dual-in-line pack- 
ages (D, F, V suffixes), 16-lead plastic dual- 

* When these devices are used as demultiplexers, 
the "CHANNEL IN/OUT" terminals are the 
outputs and the "COMMON OUT/IN" terminals 
are the inputs. 


RECOMMENDED OPERATING CONDITIONS AT T A =25°C (Unless Otherwise Specified) 

For maximum reliability , nominal operating conditions should be selected so that operation 
is always within the following ranges. Values shown apply to all types except as noted. 

* In certain applicatipns, the external load-resistor 
current may include both Vqq and signal-line 
components. To avoid drawing Vqd current 
when switch current flows into the transmission 
gate inputs, the voltage drop across the bidirec- 
tional switch must not exceed 0.8 volt (calcu- 
lated from Ron values shown in ELECTRICAL 
CHARACTERISTICS CHART). No V DD cur- 
rent will flow through R |_ if the switch current 
flows into terminal 3 on the CD4051 ; terminals 
3 and 13 on the CD4052; terminals 4,14, and 15 
on the CD4053. 


CHARACTERISTIC 

Vdd 

Min. 

Max. 

Units 

Supply-Voltage Range 
(T A = Full Package- 
Temp. Range) 

- 

3 

18 

V 

Multiplexer Switch Input 
Current Capability’*' 





25 

mA 

Output Load Resistance 

- 

100 

- 

a 


in-line packages (E suffix), 16-lead cera- 
mic flat packages (K suffix), and in chip form 
(H suffix). 

Applications: 

■ Analog and digital multiplexing and 
demultiplexing 

■ A/D and D/A conversion 

■ Signal gating 


Features: 

■ Wide range of digital and analog signal 
levels: digital 3 to 20 V, analog to 

20 Vp.p 

■ Low ON resistance: 125 ^ (typ.) over 15 
Vp.p signal-input range for VdD' v EE = 15 V 

■ High OFF resistance: channel leakage of 
± 10 pA (typ.) @ Vdq-Vee = 10 V 


CHANNEL IN/OUT 



Logic-level conversion for digital addressing 
signals of 3 to 20 V (VqD’ v SS = 3 to 20 
V) to switch analog signals to 20 V p-p 
(Vdd v EE = 20 V); see introductory text 
Matched switch characteristics: RON = 

5 H (typ.) for VpD” v EE -15 V 
Very low quiescent power dissipation under 
under all digital-control input and supply 
conditions: 0.2 p\N (typ.) @ Vqq-Vss = 
Vdd-vee = iov 
Binary address decoding on chip 
Quiescent current specified to 20 V 
Maximum input leakage current of 1 pA 
at 15 V (full package-temperature range) 
1-V noise margin (full package-temper- 
ature range) 

5-, 10-, and 15-V parametric ratings 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4051B, CD4052B, CD4053B, Types 


ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS at Indicated Temperature (°C) 
Values at -55,+25,+1 25, apply to D,F,K,H pkg 
Values at -40,+25,+85, apply to E,Y pkgs 

Units 

V|, 

(V) 

Vee 

(V) 

v ss 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. Typ. 

Max. 

SIGNAL INPUTS (Vj s ) AND OUTPUTS (Vqs) 

Quiescent Device 
Current, l|_ 

Max. 




5 

5 

5 

50 

100 

- 

0.02 

5 

U A 




10 

10 

10 

100 

200 

- 

0.02 

10 




15 

20 

20 

200 

400 

- 

0.02 

20 




20 

100 

100 

1000 

2000 

- 

0.04 

100 

ON Resistance 

i><v is <v DD 

Ron Max. 


0 

0 

5 

2000 

2100 

3200 

3500 


470 

2500 

n 

0 

0 

10 

310 

330 

520 

580 

- 

180 

400 

0 

0 

15 

220 

230 

360 

400 

- 

125 

280 

A ON Resistance 
(Between Any 
Two Channels) 

a Ron 


0 

0 

5 






10 


n 


0 

0 

10 

- 

- 

- 

- 

- 

10 

— 


0 

0 

15 

- 

- 

- 

- 

- 

5 

- 

OFF Channel 
Leakage Current: 

Any Channel 

OFF Max. 


0 

0 

10 

±200* 


±0.1 

±200* 

nA 


0 

0 

15 

±500* 

- 

±0.1 

±200* 


0 

0 

20 

±1000* 

- 

±0.1 

±200* 

All Channels 
.OFF (Common 
OUT/IN) Max. 


0 

0 

10 

±200* 

- 

±0.1 

±200* 


0 

0 

15 

±500* 

- 

±0.1 

±200* 


0 

0 

. 

20 

±1000* 

- 

±0.1 

+200* 

Capacitance: 
Input, Cj s 


-5 

-5 

5 






5 


pF 

Output, C os 

CD4051 

_ 


_ 

_ 


30 


CD 4052 

- 

- 

- 

- 

- 

18 

- 

CD4053 

- 

- 

- 

- 

- 

9 

- 

Feedthrough, 

Cios 

- 


- 

- 

- 

0.2 

- 

Propagation Delay 
Time (Signal In- 
put to Output 

10V 

jru 

R L = 1 0 k£2 
Cl = 50 pF 
tr,tf = 20 ns 

5 






30 


ns 

10 

- 

- 

- 

- 

- 

15 

- 

15 

- 

- 

- 

- 

- 

11 

- 


* Determined by minimum feasible leakage measurement for automatic testing. 


X CHANNELS IN/OUT 
/ 3 2 i OA 




Fig. 3 — Typical channel ON resistance vs input 
signal voltage (all types). 



92CS- 27039 


Fig. 4 — Typical channel ON resistance vs. input 
signal voltage { all types). 



INPUT SIGNAL VOLTAGE (V is ) — V 

92CS-27074 

Fig.5 — Typical channel ON resistance vs. input 
signal voltage (all types). 



-10 ^75 -5 - 2.5 0 2.5 5 7.5 10 

INPUT SIGNAL VOLTAGE (V is ) — V 

92CS- 27040 

Fig. 6 — Typical channel ON resistance vs. input 
signal voltage (all types). 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4051B, CD4052B, CD4053B Types 


ELECTRICAL CHARACTERISTICS (Cont'd) 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL LIMITS AT 
INDICATED CONDITIONS 

VALUE 

UNITS 

' V is 
(V) 

vdd 

(V) 

Rl 

(k«) 

Frequency Response 
Channel ON 

(Sine Wave Input) 

5® 

10 

1 

V 0 s at Common OUT/IN 

CD4053 

30 

MHz 

vee = vss, 

Vos 

20log— =-3dB 
v is 

CD4052 

25 

CD4051 

20 

V os at Any Channel 


60 

Sine Wave Response 
(Distortion) 

2* 

5 

10 


0.3 

% 

3® 

10 

0.2 

5* 

15 

0.12 

vee = vss, 

fjs= 1 kHz 

Feedthrough 
(All Channels OFF) 

5® | 10 

1 

V os at Common OUT/IN 

CD4053 

8 

MHz 

vee = vss, 
v os 

20 log77^=— 40dB 
v is 

CD4052 

10 

CD4051 

12 

Vos at Any Channel 


8 

Signal Crosstalk 
(Frequency at 
-40 dB) 

5® 

10 

1 

Between Any 2 Channels 

3 

MHz 

Between 

Sections 

CD4052 

Only 

Measured on Common 

6 

Measured on Any 

Channel 

10 

vee = vss. 

Vos 

20 log— =-40dB 
Vis 

Between 
Any 2 
Sections 

CD4053 

Only 

In Pin 2, Out Pin 14 

2.5 

In Pin 15, Out Pin 14 

6 

Address-or-lnhibit- 

to Signal Crosstalk 

- 

10 

10# 


65 

1 

mV 

(Peak) 

VeE=0,Vss=0, tr.tf 
= 20 ns , Vc = Vdd 
— V ss(Square Wave) 


• Peak-to-peak voltage symmetrical about Vdd ~ v EE 

2 

# Both ends of channel 


V D0 * +15 V V DD • +7.5 V V DD = +5 V V DD = +5 V 



(a) (b) (c) (d) 

The ADDRESS (digital-control inputs) and INHIBIT logic levels are: 

"0" = Vgs and 'T " = Vqq. The analog signal (through the TG) may 
swing from V^e to Vdd- 

Fig. 12 — Typical bias voltages. 


INPUT STATES 

"ON" CHANNEL(S) 

INHIBIT 

C 

B 


CD4051 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

2 

0 

0 

1 

1 

3 

0 

1 

0 

0 

4 

0 

1 

0 

1 

5 

0 

1 

1 

0 

6 

0 

1 

1 

1 

7 

_ 1 

X 

X 

X 

NONE 

CD4052 

INHIBIT 

B 

A 


0 

0 

0 

Ox, Oy 

0 

0 

1 

lx, ly 

0 

1 

0 

2x, 2y 

0 

1 

1 

3x, 3y 

1 

X 

X 

NONE 

1 CD4053 j 

INHIBIT 

A or B 
or C 


0 

0 

ax or bx or cx 

0 

1 

ay or by or cy 

1 

X 

NONE 


X = Don't care 

Fig. 13 — Truth tables. 



Fig. 14 — Waveforms, channel being 
turned ON (Rj_ = 10 kSl). 



Fig. 15 — Waveforms, channel being 
turned OFF (R^ = 300 W. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4051B, CD4052B, CD4053B Types 

TEST CIRCUITS 



V DD 


1 

16 

2 

15 

3 

14 

4 

13 

5 

12 

6 

II 

7 

10 

8 

9 


CD4051 
x CD4053 




V DD 



Fig. 16 — OFF channel leakage current — any channel OFF. 


92CS - 22722RI 


Fig.21 — Quiescent device current. 


TEST CIRCUITS (Cont'd) 





Fig. 17 — OFF channel leakage curren t — all channels OFF. 


voo 


CD4051 v ss 


CD4052 v ss 


Vdd 



CD4053 


v ss 


Fig. 18 — Propagation delay — address input to signal output. 



v ss 

t PHL A ND t PLH 


V SS 

tpHL AND t PLH 


V SS 

tp HL AND t PLH 


V DD 


CD4051 


CD4052 


CD4053 


Fig. 19 — Propagation delay — inhibit input to signal output. 


92CS-27045 



Fig. 20 — Noise immunity. 


92CG - 27046 



92CS - 22716 


Fig. 22 — Channel ON resistance 
measurement circuit. 



V DD 



MEASURE INPUTS 
SEQUENTIALLY, TO BOTH 
V DD AND V ss CONNECT 
ALL UNUSED INPUTS TO 
EITHER V 00 OR V ss . 


92CS -27048 


Fig. 23 — input leakage, current. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4051B, CD4052B, CD4053B Types 

SPECIAL CONSIDERATIONS 

In applications where separate power sources turning ON a channel will similarly dump 

are used to drive Vqd and the signal inputs, some charge to V£E- 

the Vqq current capability should exceed The amount of charge dumped is mostly 

VDD/ R L (RL = ef fe ct« ve external load). This a function of the signal level above V£E- 

provision avoids permanent current flow or Typically, at Vqq-Vee = 10 V, a 100 pF 

clamp action on the Vqq supply when power capacitor connected to the input or output 

is applied or removed from the CD4051, of the channel will lose 3-4 % of its voltage at 

CD4052, or CD4053. the moment the channel turns ON or OFF. 

When switching from one address to another. This loss of voltage is essentially independent 

some of the ON periods of the channels of of the address or inhibit signal transition 

the multiplexers will overlap momentarily, time, if the transition time is less than 1-2 

which may be objectionable in certain ap- When the inhibit signal turns a channel 

plications. Also when a channel is turned OFF, there is no charge dumping to V£E- 

ON or OFF by an address input, there is a Rather, there is a slight rise in the channel 

momentary conductive path from the chan- voltage level (65 mV typ.) due to capacitive 

nel to VeE* which will dump some charge coupling from inhibit input to channel input 

from any capacitor connected to the input or output. Address inputs also couple some 

or output of the channel. The inhibit input voltage steps onto the channel signal levels. 



92CS- 27050 


Fig.25 — Crosstalk between any 
two channels (all types). 



92CS-27049 


Fig. 24 - Feedthrough (all types). 




92CS-2705) 

Fig.26 — Crosstalk between duals or triplets 
(CD4052, CD4053 ). 



01 FF. 

MULTIPLEXING 


DEMULTIPLEXING 


92 CS- 27052 


Fig.27 - Typical time-division application of the CD4052. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4054B, CD4055B, CD4056B Types 

COS/MOS Liquid-Crystal Display Drivers 

High-Voltage Types (3-to-2Q-Voit Rating) 


CD4054B — 4*Segment Display Driver 
CD4055B — BCD to 7-Segment Decoder/Driver with 
"Display-Frequency" Output 
CD4056B — BCD to 7-Segment Decoder/Driver with 
Strobed- Latch Function 


The RCA-CD4055 and CD4056 types are 
single-digit BCD-to-7-segment decoder/driver 
circuits that provide level-shifting functions 
on the chip. This feature permits the BCD 
input-signal swings (Vqd to Vgs) to be the 
same as or different from the 7-segment 
output-signal swings (Vdd to V^e)- For 
example, the BCD input-signal swings (Vqq 
to Vss) may be as low as 0 to —3 V, where- 
as the output-display drive-signal swing 
(V dd to Vee) may be from 0 to —15 V. If 
Vqd to Vee exceeds 15 V, Vdd to Vss 
should be at least 4 V. 

The 7-segment outputs are controlled by 
the DISPLAY-FREQUENCY (DF) input 
which causes the selected segment outputs 
to be low, high, or a square-wave output 
(for liquid-crystal displays). When the DF 
input is low the output segments will be 
high when selected by the BCD inputs. 
When the DF input is high, the output 
segments will be low when selected by the 
BCD inputs. When a square-wave is present 
at the DF input, the selected segments will 
have a square-wave output that is 180° out 
of phase with the DF input. Those segments 
which are not selected will have a square- 
wave output that is in phase with the input. 
The DF input square wave is required to 
provide equivalent ac drive to liquid-crystal 
displays such as RCA Dev. Nos. TA8054T, 
TA8055T, TA8074T and R, TA8Q92T and 
R, TA8093T and R, TA8G94T and R. DF 
square-wave repetition rates for liquid-crystal 
displays usually range from 30Hz (well above 
flicker rate) to 200 Hz (well below the upper 
limit of the liquid-crystal frequency re- 
sponse). The CD4055 provides a level-shifted 
high-amplitude DF output which is required 
for driving the common electrode in liquid- 
crystal displays. The CD4056 provides a 
strobed-Iatch function at the BCD inputs. 
Decoding of all input combinations on the 
CD4055 and CD4056 provides displays of 
0 to 9 as well as L, P f H, A,—, and a blank 
position. 

The CD4054 provides level shifting similar 
to the CD4055 and CD4056, independently 
strobed latches, and common DF control 
on 4 signal lines. The CD4054 is intended 
to provide drive-signal compatibility with 
the CD4055 and CD4056 7-segment decoder 
types for the decimal point, colon, polarity, 
and similar display lines. A level-shifted 
high-amplitude DF output can be obtained 
from any CD4054 output line by connect- 
ing the corresponding input and strobe lines 
to a low and high level, respectively. The 
CD4054 may also be utilized for logic-level 
"up conversion" or "down conversion". For 
example, input-signal swings (Vdd to ^SS) 
from +5 to 0 V can be converted to output- 
(Cont'd on next page) 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE (TstG> -65to+150°C 

OPERATING TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY VOLTAGE RANGE, V QD 

(Voltages referenced to Vgg Terminal) : —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE: 

FOR T a = -40 to +60°C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E, Y) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

FOR T a = —55 to +1 00°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +1 25°C (PACKAGE TYPES D, F, K, «) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = Full Package-Temperature Range (All Package Types) . 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/1 6 i 1 /32 inch (1 .59 ± 0.79 mm) from case for 1 0s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C (Unless otherwise specified) 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 

Vee 

(V) 

Vss 

(V) 

v dd 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range: 

(At T A = Full Package 
Temperature Range) 




3 

18 

V 

Setup Time (t s ) # 

-5 

0 

5 

220 

- 

ns 

0 

0 

10 

100 

- 

0 

0 

15 

70 

- 

Strobe Pulse Width (tyy) 0 

-5 

0 

5 

220 

- 

ns 

0 

0 

10 

100 

- 

0 

0 

15 

70 

- 


• For CD4054 and CD4056 only. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C,C|_ = 50 pF, lnputt r ,tf = 20 ns. 


R|_ = 200 k« 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

ALL PACKAGE TYPES 

UNITS 

v EE 

(V) 

V SS 

(V) 

Vdd 

(V) 

CD4054 

CD4055.CD4056 

Typ. 

Max. 

Typ. 

Max. 

Propagation Delay Time, 

tPHLtPLH 
(Any Input to Any Output) 

-5 

0 

5 

400 

800 

650 

1300 

ns 

0 

0 

10 

340 

680 

575 

1150 

0 

0 

15 

250 

500 

375 

750 

T ransition Time, tyj-j |_ 

(Any Output) 

-5 

0 

5 

100 

200 

100 

200 

ns 

0 

0 

10 

100 

200 

100 

200 

0 

0 

15 

75 

150 

75 

150 

Minimum Data Setup 

Time, t$* 

-5 

0 

5 

110 

220 

110 

220 

ns 

0 

0 

10 

50 

100 

50 

100 



15 

35 

70 

35 

70 

Minimum Strobe Pulse 

Width, t w * 

-5 

0 

5 

110 

220 

110 

220 

ns 

0 

0 

10 

50 

100 

50 

100 

0 

0 

15 

35 

70 

35 

70 

Average Input Capacitance, C| 
(Any Input) 

- 


- 

5 

- 

5 

- 

PF 


* CD4054 and CD4056 only. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4054B, CD4055B, CD4056B Types 


STATIC ELECTRICAL CHARACTERISTICS: 



CONDITIONS 

LIMITS 

Values at —55° ,+25° ,+ 1 25° C Apply to D,F,K,H Packages 


Characteristic 

V EE 

(V) 

v ss 

(V) 

v 0 

V|N 

(V) 

V DD 

(V) 

Valuesat —4CP,+25°,+85°C Apply to E,Y Packages 

Units 


(V) 





+25°C 



-55° 

-40° 

+85° 

+125° 

Min. 

Typ. 

Max. 


Quiescent Device 

—5 

0 



5 

10 

100 

200 

- 

0.02 

10 

AiA 

Current, l|_ 

0 

0 



10 

10 

100 

200 

- 

0.02 

10 


MAX. 

0 

0 



15 

20 

200 

400 

- 

0.02 

20 



0 

0 



20 

100 

1000 

2000 

- 

0.04 

100 


Output Voltage: 

0 

0 


0,5 

5 

0.05 


0 

0.05 


Low Level, Vol 

0 

0 


0,10 

10 

0.05 

- 

0 

0.05 


MAX. 

0 

0 


0,15 

15 

0.05 

- 

0 

0.05 

V 


0 

0 


0,5 

5 

4.95 

4.95 

5 

- 

H igh Level, VoH 

0 

0 


0,10 

10 

9.95 

9.95 

10 

- 


MIN. 

0 

0 


0,15 

15 

14.95 

14.95 

15 

- 


Noise Immunity: 

-5 

0 

-4 


5 

1 

1 

2.25 



Inputs Low, V|\j j_ 

0 

0 

1 


10 

2 

2 

4.5 



MIN. 

0 

0 

1.5 


15 

3 

3 

6.75 

- 

V 


-5 

0 

4 


5 

1 

1 

2.25 

- 


Inputs High, V|SJH 

0 

0 

9 


10 

2 

2 

4.5 

- 


MIN. 

0 

0 

13.5 


15 

3 

3 

6.75 

- 


Noise Margin: 

0 

0 

1 


5 

1 

1 

_ 

_ 


Inputs Low, 

0 

0 

1 


10 

1 

1 

- 

- 


Vnml min. 

0 

0 

1.5 


15 

1 

1 

- 

- 

V 


0 

0 

4 


5 

1 

1 

- 

- 

Inputs High, 

0 

0 

9 


10 

1 

1 

- 

- 


VNMH min. 

0 

0 

13.5 


15 

1 

1 

- 

- 


Output Drive 
Current : 
N-Channel 

-5 

0 

-4.5 


5 

1.1 

1 

0.75 

0.6 

0.9 

1.8 



(Sink), IqN 

0 

0 

0.5 


10 

1.1 

1 

0.75 

0.6 

0.9 

1.8 

- 


MIN. 

0 

0 

1.5 


15 

3.3 

3.2 

2.5 

2.2 

3 

6 

- 

mA 

P-Channel 

-5 

0 

4.5 


5 

-6 

-0.55 

-0.35 

-0.3 

-0.45 

-0.9 

- 

(Source), l[)P 

0 

0 

9.5 


10 

-0.6 

-0.55 

-0.35 

-0.3 

-0.45 

-0.9 

- 


MIN. 

0 

0 

13.5 


15 

-1.9 

-1.8 

-1.2 

-1.1 

-1.5 

-3 

- 


Input Leakage 
Current (Any 
Input): l|i_, 1 1 H 
MAX. 

0 

0 

"B" Series 

20 

±1 

i 

±10~ 5 

±1 

pA 


signal swings (Vqo to Vee) of +5 to —5 V. 
The level-shifted function on all three types 
permits the use of different input- and out- 
put-signal swings. The input swings from a 
low level of V$S to a high level of V[)d while 
the output swings from a low level of V£E to 
the same high level of Vqq. Thus the input 
and output swings can be selected indepen- 
dently of each other over a 3-to-18-V range. 
V$$ may be connected to Vee when no 
level-shift function is required. 

For the CD4054 and CD4056, data are 
transferred from input to output by placing 
a high voltage level at the strobe input. A 
low voltage level at the strobe input latches 
the data input and the corresponding output 
segments remain selected (or non-selected) 
while the strobe is low. 

Whenever the level-shifting function is re- 
quired, the CD4055 can be used by itself to 
drive a liquid-crystal display. The CD4056, 
however, must be used together with a 
CD4054 to provide the common DF out- 
put. The capability of extending the volt- 
age swing on the negative end (this volt- 
age cannot be extended on the positive 
end) can be used to advantage in the setup 
of Fig. 22. Fig. 21 is common to all three 
types. 


The CD4054-, CD4055-, and CD4056-Series 
types are available in 16-lead ceramic dual- 
in-line packages (D, F, and Y suffixes), 16- 
lead plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in 
chip form (H suffix). 

Applications 

■ General-purpose displays 

■ Calculators and meters 

■ Wall and table clocks 

■ Industrial control panels 

■ Portable lab instruments 

■ Panel meters 


v ss 


IN 4 

STROBE 4 ©r-J ' 
IN 3 (TlH- jLATCN | 

r-vLJ 

STROBE 3Q4H 1 

1 N 2 (U NLATCH) 
STROBE 2(jg)-J— 

IN I (9)-j— [LATCH f 
STROBE I 


(8) V EE^) V DD (j6) 


'@T ~ -* 

DISPLAY- Cpu 

FREQ. IN VS* I 


IP® 

loUT 3 

F© 

i 


■ OUT I 

f-© 


Fig. 1 — CD4054 functional diagram. 


■ Auto dashboard displays 

■ Appliance control panels 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4054B, CD4055B, CD4056B Types 


Features: 

■ Operation of liquid crystals with COS/MOS 
circuits provides ultra-low-power displays 

■ Equivalent ac output drive for liquid- 
crystal displays — no external capacitor 
required 


■ Voltage doubling across display, e.g. 
Vqd — Vee * 18 V results in effective 
36 V p-p drive across selected display 
segments 

Low- or high-output level dc drive for 
other types of displays 


■ On-chip logic-level conversion for different 
input- and output-level swings 

■ Full decoding of all input combinations: 
0-9, L, H, P, A,-, and blank positions 

■ Strobed-latch function — CD4054 Series 
and CD4056 Series 

■ DISPLAY-FREQUENCY (DF) output 

for liquid-crystal common-line drive signal- 
CD4055 Series (CD4054 Series also; see 
introductory text) 

■ Quiescent current specified to 20-V 

■ Maximum input leakage of 1-juA at 20-V 
(full package-temperature range) 

■ 1-V noise margin (full package-temp- 
erature range) 

■ 5-V, 10-V, and 15-V parametric ratings 



Fig. 5 — Typical n-channe! drain characteristics. 


TRUTH TABLE 


INPUT CODE 

OUTPUT STATE 

DISPLAY 

CHARAC- 

TER 

2 3 

2 2 

2 1 

2 o 

a 

b 

c 

d 

e 

f 

g 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

! ! 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

1 

0 

0 

0 

1 

1 

0 

0 

1 

1 

1 1 

1 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

1 

1 1 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 1 

1 1 

1 

0 

0 

1 

1 

1 

1 

1 
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Fig. 4 — Data setup time and strobe 
pulse duration. 
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Fig. 6 — Minimum n-channe! drain characteristics. 



Fig.9 — Typical propagation delay time vs. 
load capacitance. 
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Fig. 10 — Typical transition time 1 / 5 . 
load capacitance. 
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Fig. 8 — Minimum p-channe! drain characteristics. 
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Fig. 11 — Typical input dock frequency vs. 
power dissipation. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4054B, CD4055B, CD4056B Types 

TEST CIRCUITS 




Fig. 12 - 


Quiescent-device- 
current (CD 4054). 


Vss 

Fig. 13 — Quiescent-device-current 
( CD4055 ). 




Fig. 14 — Quiescent-device- 
current (CD 4056). 


Fig. 15 — Noise immunity (CD4054). 


-10 V l-l V OR -4 V) 0. 


-15 V(-3OR-I2V)0— T 
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-15 V (-3V0R-I2 V 


-IOV HO V) 0 
- 15 V (-15 V ) 0 - 
-10 V ( -5 V ) 0 - 
-15 V (-15 V ) 0 - 

Fig. 16 — Noise immunity (CD4056). 
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Fig. 17 — Noise immunity (CD 4055) 


APPLICATIONS 


NOTE 

MEASURE INPUTS SEQUENTIALLY 
TO BOTH V DD AND Vgg. CONNECT 
ALL OTHER INPUTS TO V ss OR V DD 

92CS-27055 

Fig. 18 — Input leakage current 
(CD4054). 

_ r v DD 


NOTE 

MEASURE INPUTS SEQUENTIALLY 
TO BOTH V DD AND V ss . CONNECT 
ALL OTHER INPUTS TO EITHER 

v DD or v ss 

92CS -27056 

- Input leakage 
current ( CD 405 5 ). 


Fig. 19 
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Fig.20 


MEASURE INPUTS SEQUENTIALLY 
TO BOTH V DD AND V s $ CONNECT 
ALL OTHER INPUTS TO V S s OR V DD 

92CS-27057 

- Input leakage current ( CD 4056 ). 
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(b) 

Display-driver circuit for one segment line and waveforms. 
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Fig.22 — Digital (0 to + 5 V) to bidirectional analog 
control (+ 5 to —5 V) level shifter. 


Fig. 23 
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- Single-digit liquid-crystal display. 0UT - 15 v AMPLITUDE 


92CS- 20089 R2 


549 



















COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4063B Types 

COS/MOS 4-Bit Magnitude 


Comparator 

High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4063 is a 4-bit magnitude com- 
parator designed for use in computer and 
logic applications that require the comparison 
of two 4-bit words. This logic circuit deter- 
mines whether one 4-bit word (Binary or 
BCD) is "less than", "equal to", or "greater 
than" a second 4-bit word. 

The CD4063 has eight comparing inputs (A3, 

B3, through AO, BO), three outputs (A < B, 

A = B, A > B) and three cascading inputs 
(A < B, A = B, A > B) that permit systems 
designers to expand the comparator function 
to 8, 12, 16 ... 4N bits. When a single 
CD4063 is used, the cascading inputs are 
connected as follows: (A < B) = low, (A = B) 

= high, (A > B) = low. 

For words longer than 4 bits, CD4063 de- 
vices may be cascaded by connecting the 
outputs of the less-significant comparator to 
the corresponding cascading inputs of the 
more-significant comparator. Cascading in- 
puts (A < B, A = B, and A > B) on the 
least significant comparator are connected to 
a low, a high, and a low level, respectively. 

The CD4063B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, F, 


Features: 

■ Expansion to 8, 12, 16 ... 4N bits by cascading units 

■ Medium-speed operation: compares two 4-bit words 

in 250 ns (typ.) at 10 V 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 (jlA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15-V parametric ratings 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC m 7 ~| UNITS 

Supply-Voltage Range 

(For T A =Full Package- 3 18 V 

Temperature Range) 


and V suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix), and in chip form (H suf- 
fix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -66 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125 °C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vg S Terminal): —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F. K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C; Input t r ,tf=20 ns, 

C l =50 pF, R L =200 K£2 


CHARACTERISTIC 

Propagation Delay Time: 
Comparing Inputs to 
Outputs, t PHL , t PLH 


Cascading Inputs to 


TEST CONDITIONS 
1 Vnn 


ALL TYPES 
LIMITS 


Outputs, t PHL , tp LH 


15 

140 





5 

100 

200 


Transition Time, 


10 

50 

100 

ns 

tTHL- ^TLH 


15 

40 

80 


Average Input Capacitance, C| 

Any Input 

5 

- 

pF 



Applications: 

■ Servo motor controls 

■ Process controllers 

f | AMBIENT TEMPERATURE <T.)*25*C 


■■■■■■■■■■•.■■■■I 




.GATE- TO- SOURCE VOLTAGE £ 


l*raS8SSSS88S3K!SIS8ISS28SSS 
PKs«S355S3S335353533m88838S3S 

|3r£5:!|*lS3333333S3SS3S3SS8S| 


DRAIN- TO -SOURCE VOLTAGE (V DS )-V 

92CS- 24JI8R2 

y f — Typical output-N-channel 
drain characteristics. 


AMBIENT TEMPERATURE <T A )=25*Cr 


GATE-TO-SOURCE VOLTAGE (V^J-ISV j 


DRAIN -TO -SOURCE VOLTAGE (V D$ )-V 

Fig. 2— Minimum output-N-channel 
drain characteristics. 
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92CS- 24 320R2 

Fig. 3 — Typical output-P-channel 
drain characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4063B Types 

STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 


Quiescent Device 
Current, 1 1_ Max. 


Output Voltage 
Low-Level, 
Vql Max. 


High Level, 
Vqh Min. 


Noise Immunity 
Inputs Low, 


Inputs High 
V (vj|_| Min. 


Noise Margin 
Inputs Low, 


Inputs High 
V NMH Min 


Output Drive 
Current: 
N-Channel 
(Sink), 

l D N Min. 


P-Channel 

(Source), 


Conditions 


v O V IIM 
(V) (V) 


Limits at Indicated Temperatures (°C) 

Values at —55, +25,+ 125 Apply to D,K,F,H Packages 
Values at -40, +25, +85 Apply to E,Y Packages 


DRAIN- TO -SOURCE VOLTAGE (V D$ )-V 

-15 -10 - 

AMBIENT TEMPERATURE (T A )«2S*C j ) | ( | | )^I 







































































































































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4063B Types 


ao® — [>-L[> — 



v 00 

Mi>- 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANOV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v do orv ss - 



V SS 


TEST ANY COMBINATION 
OF INPUTS 


Fig. 12— Noise immunity test circuit. 
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/COMPARER ( 

*P TOTAL = t P VlNPUTS J + 2 x *P V 

(3 STAGES) 


CASCADE 

INPUTS 


),AT V DD = 1 


Fig. 10 — Logic diagram for CD4063B . 


= 250 + (2 x 200) = 650 ns (TYP.) 

Fig. 13-Typical speed characteristics of a 12-bit comparator. 


TRUTH TABLE 


| INPUTS 

OUTPUTS 

| COMPARING 

CASCADING 

A3, B3 

A2, B2 

AI, B1 

AO, BO 

A < B 

A = B 

A > B 

A < B 

A = B 

A > B 
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X 

X 

X 

X 

X 

X 

0 

0 

1 

A3 = B3 

A2 > B2 

X 

X 

X 

X 

X 

0 

0 

1 

A3 = B3 

A2 * B2 

AI >B1 
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Fig. 14— Quiescent device current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4067B, CD4097B Types 

COS/MOS Analog \ 

Multiplexers/Demultiplexers 


High-Voltage Types (3- to 20-Volt Rating) 
CD4067B — Single 16-Channel 

Multiplexer/Demultiplexer 
CD4097B — Differential 8-Channel 

Multiplexer/Demultiplexer 


The RCA-CD4067 and CD4097 COS/MOS 
analog multiplexers/demultiplexers* are digi- 
tally controlled analog switches having low 
ON impedance, low OFF leakage current, and 
internal address decoding. In addition, the 
ON resistance is relatively constant over the 
full input-signal range. 

The CD4067 is a 16-channel multiplexer with 
four binary control inputs, A, B, C, D, and an 
inhibit input, arranged so that any com- 
bination of the inputs selects one switch. 

The CD4097 is a differential 8-channel multi- 
plexer having three binary control inputs A, 
B, C, and an inhibit input. The inputs permit 
selection of one of eight pairs of switches. 

A logic "1” present at the inhibit input turns 
all channels off. 

The CD4067 and CD4097 are supplied in 24- 
lead dual-in-line white ceramic packages 
(D suffix), 24-lead ceramic flat-packs (K suf- 
fix), 24-lead dual-in-line plastic packages (E 
suffix), and in chip form (H suffix). 

*When these devices are used as demultiplexers, 
the channel in/out terminals are the outputs and 
the common out/in terminals are the inputs. 


Recommended Operating Conditions at 
= 25°C (Unless Otherwise Specified) 

For maximum reliability , nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 
Values shown apply to all types except as 
noted. 


Features: 

■ Low ON resistance: 125 S7 (typ.) over 15 
Vp.p signal-input range for Vdd— V$ s = 15 V 

■ High OFF resistance: channel leakage of 
±10 pA (typ.) @ Vqd-Vss=10 V 

■ Matched switch characteristics: RON = 5 ^ (typ.) 
for Vdd— V SS = 15 v 

■ Very low quiescent power dissipation under 
all digital-control input and supply conditions: 

0.2 /iW (typ.) @ Vdd~Vss=10 v 

■ Binary address decoding on chip 

■ Quiescent current specified to 20 V 

■ Maximum input leakage current of 1 pA 
at 20 V (full package-temperature range) 

■ 1 V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Analog and digital multiplexing and demultiplexing 

■ A/D and D/A conversion ■ Signal gating 


Characteristic 

Min. 

Max. 

Units 

Supply-Voltage Range 
(T^=Full Package- 
Temp. Range) 

3 

18 

V 

Multiplexer Switch Input 
Current Capability 

- 

25 

mA 

Output Load Resistance 

100 

- 

n 


Y 

IN/OUT' 


— ^ 1 OF 8 DECODER 



i 


L 

' 1 1 

f \ \ 

1 

1 

i 

_ jk i 


t 

^ i 


Y 

OUT/IN 


Vdd'24 

Vss'I2 


92CS-24980RI 


Fig. 1 — CD4097 functional diagram. 


NOTE: 




Fig. 2 — Terminal assignment. 



92CS- 24924RI 


Fig. 3 —CD4067 functional diagram. 


In certain applications, the external load-resistor 
current may include both Vqq and signal-line 
components. To avoid drawing Vqq current when 
switch current flows into the transmission gate 
inputs, the voltage drop across the bidirectional 
switch must not exceed 0.8 volt (calculated from 
Rqn values shown in ELECTRICAL CHARAC- 
TERISTICS CHART). No Vqo current will flow 
through Rl if the switch current flows into 
terminal 1 on the CD4067; terminals 1 and 17 on 
the CD4097. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T STG ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

Package Types D, K, H — 55to+125°C 

Package Type E —40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, V DD : 

(Voltages referenced to Vgg) -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE: 

For T A = —40 to +60°C (Package Type E) 500 mW 

For T a = +60 to +85°C (Package Type E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (Package Types D, K) 500 mW 

For T A = +100 to +125°C (Package Types D, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER CHANNEL: 


For T A = Full Package-Temperature Range (All Package Types) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4067B, CD4097B Types 


ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS at Indicated Temperature (°C) 
Values at —55, +25, +125, apply to D,K,H pkg 
Values at -40,+25,+85,apply to E pkg 

Units 

V is 

(V) 

V SS 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 


SIGNAL INPUTS (V js ) AND OUTPUTS (V os ) 

Quiescent 
Device Cur 
rent, l[_ 
Max. 



5 

5 

5 

30 

100 

- 

0.02 

5 

pA 



10 

10 

■m 

IMil 

200 

__ 

0.02 

10 



15 

20 

El 

200 

400 

- 

0.02 

20 



20 

100 

100 

1000 

2000 

- 

0.04 

100 

H 


0 

5 

2000 

2100 

3200 

3500 

■ 

470 

2500 

ft 

0 

10 

310 

330 

520 

580 

- 

180 

400 

0 

mm 

■epiiB 



EIiEI 

— 

pjii 


AON Resist- 
ance (Be- 
tween Any 
Two Chan- 
nels) 

ARqn 

1 

0 

5 

1 

1 

1 

1 

i 

10 

1 

ft 


0 

10 

- 

- 

- 

- 

- 

10 

- 


0 

15 

— 

— 

— 

— 

— 

5 

— 

OFF Chan- 
nel Leak- 
age Cur- 
rent: 

Any Chan- 
nel OFF 
Max. 


0 

10 

±200* 


±0.1 

±200* 

nA 


0 

15 

±500* 

— 

±0.1 

±200* 


0 

20 

±1000* 

- 

±0.1 

±200* 

All Chan- 
nels OFF 
(Common 
OUT/IN) 
Max. 


0 

10 

±200* 


±0.1 

±200* 


0 

15 

±500* 

- 

±0.1 

±200* 


0 

20 

±1000* 

- 

±0.1 

±200* 

Capacitance: 
Input, Cj s 


-5 

5 

- 

- 

- 

- 

- 

5 

- 

pF 

Output, 

^os 

CD4067 






55 


CD4097 

- 

- 

- 

- 

- 

35 


Feed- 

through, 

^ios 

- 

- 

- 

- 

- 

0.2 


Propaga- 
tion Delay 
Time (Sig- 
nal Input 
to Output 

10 V 

XL 

r l =io k ft 

C l =50 pF 
t r ,tf=20 ns 

5 

_ 

_ 

_ 

_ 

_ 

30 

— 

ns 

10 

- 

- 

- 

- 

- 

15 

- 

15 

— 

— 

— 

— 

— 

11 

i 

_ 



92CS-27326 

Fig. 4— Typical ON resistance vs. input signal 
voltage (all types). 



92CS-27327 

Fig. 5— Typical ON resistance vs. input signal 
voltage (all types). 



92CS-27329 

Fig. 6 — Typical ON resistance vs. input signal 
voltage (all types). 


* Determined by minimum feasible leakage measurement for automatic testing. 



92CS-27330 



TEST CIRCUITS 



Fig. 7 — Typical ON resistance vs. input signal 
voltage (all types). 
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Fig. 8 —OFF channel leakage current— any channel OFF. 











































































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4067B, CD4097B Types 


ELECTRICAL CHARACTERISTICS (Cont'd) 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS at Indicated Temperature (°C) 
Values at — 55,+25,+1 25, apply to D # K,H pkg 
Values at — 40,+25,+85,apply to E pkg 

Units 

V is 

(V) 

v ss 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

CONTROL (ADDRESS or INHIBIT) V c 

Noise Immu- 
nity Min.: 

Inputs Low, 
V NL 

“ V OD 

thru 

1 Kn 

R L =1 KO 
to V pc 
l| S <2 juA 
on all OFF 

Channels 

5 

1.5 

1.5 

2.25 


V 

10 

3 

3 

4.5 

- 

15 

4.5 

4.5 

6.75 

- 

Inputs High, 
V NH 

5 

1.5 

1.5 

2.25 


10 

3 

3 

4.5 


15 

3 

3 

6.75 

- 

Input Leak- 
age Current; 
l|l_,ljH Max. 

("A" Series) 

("B" Series) 

15 

±1 

— 

±icr 5 

±1 

K A 

20 

±1 

- 

tier 5 

±1 

Propagation 
Delay Time: 

Address or 
Inhibit-to- 
Signal OUT 
(Channel 
turning ON) 

R l =10 K£2,C l = 

50 pF, t r ,tf=20 ns 






325 

650 

ns 


0 

5 

0 

10 

- 

- 

- 

- 

- 

135 

270 

0 

15 

- 

- 

- 

- 

- 

95 

190 

Address or 

Inhibit-to- 
Signal OUT 
(Channel 
turning 

OFF) 

R l =300 L2,C l = 

50 pF, t r ,tf=20 ns 






220 

440 

ns 


0 

5 

0 

10 

- 

- 

- 

- 

- 

90 

180 

0 

15 

- 

- 

- 

- 

- 

65 

130 

Average In- 
put Capaci- 
tance, C| 

Any Address or 
inhibit Input 






5 


pF 


CD4067 TRUTH TABLE 


A 

B 

c 

D 

Inh 

Selected 

Channel 

X 

X 

X 

X 

1 

None 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

2 

1 

1 

0 

0 

0 

3 

0 

0 

1 

0 

0 

4 

1 

0 

1 

0 

0 

5 

0 

1 

1 

0 

0 

6 

1 

1 

1 

0 

0 

7 

0 

0 

0 

1 

0 

8 

1 

0 

0 

1 

0 

9 

0 

1 

0 

1 

0 

10 

1 

1 

0 

1 

0 

11 

0 

0 

1 

1 

0 

12 

1 

0 

1 

1 

0 

13 

0 

1 

1 

1 

0 

14 

1 

1 

1 

1 

0 

15 


CD4097 TRUTH TABLE 


A 

B 

c 

Inh 

Selected 

Channel 

X 

X 

X 

1 

None 

0 

0 

0 

0 

OX, OY 

1 

0 

0 

0 

IX, 1Y 

0 

1 

0 

0 

2X, 2Y 

1 

1 

0 

0 

3X, 3Y 

0 

0 

1 

0 

4X, 4Y 

1 

0 

1 

0 

5X, 5Y 

0 

1 

1 

0 

6X,6Y 

1 

1 

1 

0 

7X, 7Y 


TEST CIRCUITS (Cont'd) 




92CS-27335 

Fig . 9 — OFF channel leakage current— all channels OFF. 




92CS-27337 


Fig. 10 — Noise immunity— measure <C 2 gA on all 


OFF channels (e.g. channel 12}. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4067B, CD4097B Types 

ELECTRICAL CHARACTERISTICS (Cont'd) 


TEST CIRCUITS (Cont'd) 


CHARAC- 

TERISTIC 

TEST CONDITIONS 

TYPICAL LIMITS AT 
INDICATED CONDITIONS 

TYPICAL 

VALUES 

UNITS 

V is 

(V) 

V D D 

(V) 

(Kfi) 

Frequency 
Response 
Channel ON 
(Sine Wave 
Input) 

5* 

10 

1 

V os at Common OUT/IN 

CD4067 

14 

MHz 


20 log 

Vos 

3 dB 

CD4097 

20 

Vis 

V os at Any Channel 

60 

Sine Wave 
Response 
(Distortion) 

2* 

5 

10 


0.3 

% 

3 # 

10 

0.2 

5* 

15 

0.12 

fsl 

X 

JZ 

II 

Feedthrough 
(All Channels 
OFF) 

5* 

10 

1 

V QS at Common OUT/IN 

CD4067 

20 

MHz 


20 log 

Vos 

10 dB 

CD4097 

12 

Vis 

V os at Any Channel 

8 

Signal Cross- 
talk (Fre- 
quency at 
-40 dB) 

5* 

10 

1 

Between Any 2 Channels A 

1 

MHz 


20 log 

^os 

10 dB 

Between 

Sections 

CD4097 

Only 

Measured on Common 

10 

Vis 

Measured on Any 

Channel 

18 

Address-or- 

Inhibit-to- 

Signal 

Crosstalk 

— 

10 

10* 


75 

mV 

(Peak) 

V SS =0 - t r- t f= 20 ns ' 

V C =V DD _V SS 
(Square Wave) 




Fig. 11 — Quiescent device current. 


Peak-to-peak voltage symmetrical about ■ 

Worst case. 

Both ends of channel. 




Fig. 12 Turn-on and turn-off propagation delay— address select input to signal output 
(e.g. measured on channel 0). 



V DD 



__ ^00 
> -Tl— 


Fig. 13 — Turn-on and turn-off propagation delay- 
inhibit input to signal output 
(e.g. measured on channel 1 ). 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4067B, CD4097B Types 



Vss 


Fig . 14 —CD4067 logic diagram. 



Vss 92 CM- 27331 


Fig. 15 —CD4097 logic diagram. 



92CS -Z27I6 

Fig. 16— Channel ON resistance measurement circuit. 



Fig. 17— Propagation delay waveform channel 

being turned ON (R ^ = 10 KCl, C^= 50 pF). 



Fig. 18— Propagation delay waveform , channel 
being turned OFF (R j_ - 300 CL, 

C L - 50 pF). 


SPECIAL CONSIDERATIONS 

In applications where separate power sources 
are used to drive Vdd and the signal inputs, 
the Vdd current capability should exceed 
VDD/Rl (R Ineffective external load). This 
provision avoids permanent current flow or 
clamp action on the VqD supply when power 
is applied or removed from the CD4067 or 
CD4097. 

When switching from one address to another, 
some of the ON periods of the channels of 
the multiplexers will overlap momentarily, 
which may be objectionable in certain appli- 
cations. Also when a channel is turned ON or 
OFF by an address input, there is a momen- 
tary conductive path from the channel to 
Vss, which will dump some charge from any 
capacitor connected to the input or output 
of the channel. The inhibit input turning ON 
a channel will similarly dump some charge to 

Vss- 

The amount of charge dumped is mostly a 
function of the signal level above V$S- 
Typically, at Vdd- v SS = 1 0 v , a 100-pF 
capacitor connected to the input or output 
of the channel will lose 3-4% of its voltage at 
the moment the channel turns ON or OFF. 


This loss of voltage is essentially independent 
of the address or inhibit signal transition 
time, if the transition time is less than 1-2 jus. 
When the inhibit signal turns a channel OFF, 
there is no charge dumping to V$S- Rather, 
there is a slight rise in the channel voltage 
level (65 mV typ.) due to capacitive coupling 
from inhibit input to channel input or output. 
Address inputs also couple some voltage 
steps onto the channel signal levels. 

In certain applications, the external load- 
resistor current may include both Vdd and 
signal-line components. To avoid drawing 
Vdd current when switch current flows into 
the transmission gate inputs, the voltage drop 
across the bidirectional switch must not ex- 
ceed 0.8 volt (calculated from RON values 
shown in ELECTRICAL CHARACTERIS- 
TICS CHART). No Vdd current will flow 
through R|_ if the switch current flows into 
terminal 1 on the CD4067; terminals 1 and 17 
on the CD4097. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4068B Types 

COS/MOS 8-lnput NAND Gate 

High-Voltage Types (3-to-20-Volt Rating) 


The RCA-CD4068B NAND gate provides the 
system designer with direct implementation 
of the positive-logic 8-input NAND function 
and supplements the existing family of COS/ 
MOS gates. 

The CD4068B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D, F, 
and V suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H suf- 
fix). 


Features: 

■ Medium-Speed Operation — 

tpHL ~ 130 ns, tpLH = 100 ns 
(typ.) at 10 V 

■ Buffered Output 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 //A at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15-V parametric ratings 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T s tg) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ). 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E,Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal): —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR T A = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For T A = Full 

Package Temperature Range) 

3 

18 

V 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A - 25°C; Input t r , tf = 20 ns. 
Cl - 50 pF, R L = 200 K12 


CHARACTERISTIC 

TEST 

CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 


Vdd 

(V) 

Typ. 

Max. 

Propagation Delay Time: 
High-to-Low Level, tpm_ 


5 

10 

15 

325 

130 

100 

650 

260 

200 

ns 

Low-to-High Level, tpn-j 


5 

10 

15 

250 

100 

75 

500 

200 

150 

ns 

Transition Time, tj|_pj 


5 

10 

15 

100 

50 

40 

200 

100 

80 

ns 

Average Input Capacitance, Cj 

Any Input 

5 

- 

PF 



V DD ’I4 

V SS =7 


6,8* NO CONNECTION 


92CS- 23874R2 


CD4068B Functional Diagram 



92CS-243ISR2 

Fig. 1 — Typical output-n-channel drain 
characteristics. 



92CS-243I9 

Fig. 2 — Minimum output-n-channel drain 
characteristics. 


DRAIN -TO -SOURCE VOLTAGE (V QS )-V| 



Fig. 3 — Typical output-p-channel drain 
characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4068B Types 


STATIC ELECTRICAL CHARACTERISTICS 


DRAIN -TO -SOURCE VOLTAGE ( V DS ) — V I 


Characteristic 


Limits at Indicated Temperatures (°C) 

Conditions Values at —55, +25,+ 125 Apply to D,K,F,H 

Packages 

Values at—40,+25,+85 Apply to E, Y Packages Units 


[AMBIENT TEMPERATURE (T A )»25"CL 


t GATE- TO -SOURCE VOLTAGE 5 V 


Vo V||SI Vdd _55 —40 +85 +125 

(V) (V) (V) 


Min. T 





Quiescent Device 
Current;! l Max. 


Output Drive 
Current: 
n-Channel 
(Sink) , 

IqN Min. 


p-Channel 
(Source), 
IqP Min. 


Output Voltage: 
Low- Level, 
Vql Max. 


High Level, 
VoH Min. 

Noise Immunity: 
Inputs Low, 

V N L Min. 

Inputs High, 
VfsjH Min. 

Noise Margin: 
Inputs Low, 
v NML Min - 

Inputs High, 
V|\|MH Min. 



0,10 10 

0,15 15 


4.95 5 

9.95 IQ 

14.95 15 

1.5 2.25 

3 4.5 

4.5 6.75 


Fig. 4 — Minimum ou tp u t-p -channel drain 
characteristics. 


AMBIENT TEMPERATURE (T A )-25*C £ 



LOAD CAPACITANCE (Cl>-”PF 


Fig. 5 — Typical transition time vs. load 


AMBIENT TEMPERATURE (Ta)«25*C ~H T 1+ T ~ ~ TI I 

, * *plh Pr~ : i+ --- '1+ 1 T ~Pr ^ -H- '-t- 4- - — - - 4- - -t- ■ 


! 500 iiS 

a 250 4-44- --44“ 

g 44l::j± 




SUPPLY VOLTAGE (Vdq) — V 


Input Leakage 
Current, 
l|LJ|H Max. 


Any Input 20 


Fig. 6 — Typical propagation delay time vs. supply 
voltage. 


AMBIENT TEMPERATURE <T A )-2S*C| 




1 / 


I lliiliiilliiiiiiiiiliilllliji^ 

0 20 40 60 80 IOO 

LOAD CAPACITANCE (Cl) — pF 

92CS-24573 

Fig. 7 — Typical high-to-fow level propagation delay 
time vs. load capacitance. 


300 AMBIENT TEMPERATURE 


* 250 

a. If 

II soopl 



LOAD CAPACITANCE (Cl) — pF 

92CS-24B74 

Fig. 8 — Typical low-to-high level propagation delay 
time vs. load capacitance. 


AMBIENT TEMPERATURE (T fl )»2S*C 

l5 IHHHEffi : 

SUPPLY VOLTA GE ft H T T* “f 

I Voo ) • 1 5 V ■ - —I * * L, 


i. MWM 



§1 ir± 


Ml 


0 5 ; (0 15 

INPUT VOLTAGE (Vr)-— V 

1 92CS-23876RI 

Fig. 9 — Typical voltage and current transfer 
characteristics. 






















































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4068B Types 



92CS-24S72 

Fig. 10 — Minimum and maximum voltage 
transfer characteristics. 



FREQUENCY <f > — kH* 

92CS-24323 

Fig. 11 — Typical power dissipation vs. frequency. 


v oo 



Fig. 12 — Noise immunity test circuit. 



V D0 



Fig. 13 — input leakage current test circuit. 


Fig. 14 — Quiescent device current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4069B Types 

COS/MOS Hex Inverter 

High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4069B consists of six COS/MOS 
inverter circuits. This device is intended 
for all general-purpose inverter applications 
where the medium-power TTL-drive and 
logic-level-conversion capabilities of circuits 
such as the CD4009 and CD4049 Hex 
Inverter/Buffers are not required. 

The CD4069B-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 14-lead dual- 
in-line plastic package (E suffix), 14-lead 
ceramic flat package (K suffix), and in chip 
form (H suffix). 


Features: 

■ Medium Speed Operation - tp^L# tpLH = 40 ns (typ.) at 10 V 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 pA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

■ 5 V, 10-V, and 15-V parametric ratings 

Applications: 

■ Logic inversion 

■ Pulse shaping 

■ Oscillators 

■ High-input-impedance amplifiers 


MAXIMUM RATINGS, Absolute Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -66 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to + 125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V QD ) 

(Voltages referenced to Vgg Terminal) -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (Pq): 

FOR T A = -40 to +60°C (PACKAGE TYPES E, Y) 500 mW 

FOR T a ~ +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F. K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 t 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range (For T A =Full Package 
Temperature Range) 

3 

18 

V 



92CS-23737R2 


CD 4069 

FUNCTIONAL DIAGRAM 



IO 12.5 15 17.5 20 22.5 

INPUT VOLTAGE < Vj J — V 

92CS-2443I 


Fig. 1 — Minimum and maximum voltage 
transfer characteristics. 



10 12.5 15 17.5 

IlfPUT VOLTAGE (V^-V 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A - 2S°C; Input t,, tf - 20 ns, 
C L - SO pF, R l - 200 


Fig. 2 - Typical voltage transfer characteristics as a 
function of temperature. 


CHARACTERISTIC 

CONDITIONS 

V DD 

V 

ALL TYPES 
LIMITS 

UNITS 

Typ. 

Max. 

Propagation Delay Time ; fpLH' t PHL 

5 

55 

110 

ns 

10 

30 

60 

15 

25 

50 

Transition Time; *THL' t TLH 

5 

100 

200 

ns 

10 

50 

100 

16 

40 

80 

Average Input Capacitance; C| 

Any Input 

5 

- 

pF 



characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4069B Types 

STATIC ELECTRICAL CHARACTERISTICS 
I I Conditions 1 Uni 


Characteristic 


Quiescent Device 
Current, lj_ Max. 


Output Drive 
Current: 
N-Channel 
(Sink ), 

l D N Min. 

P~Channel 

(Source), 

l n P Min. 


ns Limits at Indicated Temperatures (°C) 

Values at -55, +25,+ 125 Apply to D,K,F,H Packages 
Values at -40, +25, +85 Apply to E ,Y Packages 

v do T - i _t g : 

(V) -55 1 -40 I +85 +125 Min.| Typ. Max. 



0.5 0.45 


1 0.75 

3.2 2.5 

- 0.45 - 0.36 
- 1.8 - 1.3 

" - 0.75 




0.75 0.65 
2.5 2.2 


DRAIN -TO -SOURCE VOLTAGE (V os )-V 

92C5-243I8R2 

Fig. 4 — Typical output-N-channe! drain 
characteristics. 


AMBIENT TEMPERATURE (T A )»25*C L 





















































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4069B Types 



A 

MBIENT 

TEMPERATURE (T A 1«2S»C ffl |I[ I 

M 

II 

u 


z 


| 

mtiTT 

1 

5 = S : 

TnittpliSf 

ggj 

fig 

§§ 

e 

::: 

'A 

1 

g!pp 

I 

ww 

fil 

m 


fig 

i 

“i 

, ,, Hi 


1 


l 

Hi 


p 


I 




1 



SI: 


m 


I 

X 

■■ i 


1 



Si: 

Sl|||j|l|S 

I 

I 

HS£ 

transition TIME ( 

,so 

■-m- 

1 

If-fHi 

i 






Hi 


1 

jjjl' 


: l 1 1111 I 




ao E-i 

1 


||| 

| 

1 

N|f| 

£ 

1 ::: 

i 


6 

20 

40 

so 

80 100 





LOAD CAPACITANCE (CJ-pF 


io*e 


— 




— 


3 


H 


dE 

4 

2 

10 s 

— 

— 

— 



— 

“ 

■i 

■1 

■■■■■■■ 

iai 

III 

\wmwmw 




■ 

II 

\m 



■1 

!■■■ 

!1! 

mmp 

■1 

u 












= t 







l_ 

■■ 


■■1 


rf 








II 


TJ 


II 




!! 

I Hi 


■ 

1! 

\mmr 



B 

II 














|£ 4 

2 ft 2 

1 i 'O’ 

— 

— 

“ 

-■ 

t= 

- 

- 

t* 

M&J 

IP! 

iws 


__ 

II 






J 




m 





■1 










2 


ill 

— 

— 

— 






■i 




II ; 

in 10* 

O 6 




3 

sS 

* f 

a 

P! 







II 

_ 


-3 

& 



B 

P! 

4M 

— L 



— 


II 

2“" 



■j 





1= 

ssss 




— 


CL 4 

2 

10 

6 


5 


pi 



— 

II 




— 

— 

~ 

i! 















ii 































2 

* ^ 



■i 



■ 

II 

I 

mi 

III 

|H| 

■■ 

■ 


L— 



LI 

8 

EZ 

zz 

□ 

z 

8 

EZ 

IX 

4 

n 

8 8 

o 

cz 

c 

• 


FREQUENCY (f ) — KHz 

92CS-24436 


V DD 


VSS i-l 


V PD 




Vss 

92CS-27427 


Fig. 10 — Typical transition time vs. load 
capacitance. 


Fig. 11 — Typical dynamic power dissipation. 


Fig. 12 — Quiescent device current test circuit. 




92CM-24443RI 


V DD 



Vcs 

NOTE : 

TEST ANY ONE INPUT, WITH OTHER 
INPUTS AT V DD OR V SS 


Fig. 13 — Dynamic electrical characteristics test circuit and waveforms. 


Fig. 14 — Noise immunity test circuit. 


APPLICATIONS 


C S *T" 


XTAL 

H-iDM 


-r 


; C T 


FOR TYPICAL COMPONENT 
VALUES AND CIRCUIT 
PERFORMANCE, SEE 
APPLICATION NOTES 
ICAN 6086 AND 
ICAN 6539 


92CS-244 


37RI 


1/3 CD4069 



FOR TYPICAL COMPONENT 
VALUES AND CIRCUIT PERFORMANCE, 
SEE APPLICATION NOTE ICAN -6267 

92CS-24438R' 


O 

Vss 


Vpp 


~T~ 

Vss 


NOTE: 

MEASURE INPUTS SEQUENTIALLY. 
TO BOTH Voo AND Vss- 
CONNECT ALL UNUSED INPUTS 
TO EITHER V DD OR V ss . 


9?CS 


Fig. 15— Typical crystal oscillator circuit. 


Fig. 16— Typical RC oscillator circuit. 


Fig. 17 — Input leakage current test circuit. 


1/6 CD4069 



Rf»IO MEG 

92CS-24439RI 


Wv | [^>0 cj^>- 


vv\ 

UPPER SWITCHING POINT : 

R S + R f V DD 

Vp , — - —z— 


LOWER SWITCHING POINT: 
R f ~ R S vpp 
2 


V N * 


R f 

R f > R s 


92CS -24440RI 


Fig. 18 - High-input impedance amplifier. Fig. 19 - \ Input pulse shaping circuit (Schmitt 

trigger). 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4070B, CD4077B Types 


COS/MOS Quad 
Exclusive-OR and 
Exclusive-NOR Gates 

High-Voltage Types (3-to-20-Volt Rating) 
CD4070 — Quad Exclusive-OR Gate 
CD4077 — Quad Exclusive-NOR Gate 

The RCA-CD4070B contains four independ- 
ent Exclusive-OR gates. The RCA-CD4077B 
contains four independent Exclusive-NOR 
gates. 

The CD4070B and CD4077B provide the 
system designer with a means for direct 
implementation of the Exclusive-OR and 
Exclusive-NOR functions, respectively. The 
CD4070 is similar to the RCA-CD4030, but 
has greater output sourcing capability and 
higher input impedance. 


The CD4070B- and CD4077B-Series types 
are supplied in 14-lead hermetic dual-in-line 
ceramic packages (D, F, Y suffixes), 14-lead 
dual-in-line plastic packages (E suffix), 14- 
lead ceramic flat package (K suffix), and in 
chip form (H suffix). 

Features: 

■ Medium-speed operation — tp^ [_ = t PLH = 
70 ns (typ.) at V DD = 10 V, C L = 50 pF 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 pA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Logical comparators 

■ Adders/subtractors 

■ Parity generators and checkers 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPES E, Y . -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal) —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FOR T a - +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C {PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range (For T A =Full Package 
Temperature Range) 

3 

18 

V 


CD4077B 



3=a©b B = g©h 

K * C © D L*E©F 


92CS-2449 7R2 


CD4070B 



J = A©8 M*G©H 

K 1 C© D L = E©F 

V SS* 7 

V DD* 14 92CS- 24566R2 


Fig. 1 — Functional diagrams. 


TRUTH TABLE CD4070 
1 of 4 Gates 


A 

B 

J 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 


Where 1 = High Level 
" 0 = Low Level 


J = A © B 


TRUTH TABLE CD4077 
1 of 4 Gates 


A 

B 

7 

0 

0 

i 

1 

0 

0 

0 

1 

0 

1 

1 

1 


Where 1 = High Level 
" 0 = Low Level 


J = A © B 



92CS-243I8R2 

Fig. 2 — Typical output N-channel drain 
characteristics. 



92C3-243I9 

Fig. 3 — Minimum output N-channel drain 
characteristics. 


DRAIN -TO -SOURCE VOLTAGE (V os )-V 



Fig. 4 — Typical output P-channel drain 
characteristics. 


DRAIN -TO -SOURCE VOLTAGE (V D$ )-V 



Fig. 5 — Minimum output P-channel drain 
characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4070B, CD4077B Types 

STATIC ELECTRICAL CHARACTERISTICS 


— 

Conditions 

Limits at Indicated Temperatures (°C) 

Values at -55, +25, + 125 Apply to D,K,F,H Packages 

Units 

H 

1 

V|N 

(V) 

V DD 

values at Mpp 

I 

y to c,r rac /cages 

+25 

(V) 

512 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, lj_ Max. 

- 

- 

Oil 

IflEli 

0.5 

5 

10 

_ 

0.01 

0.5 

pA 

- 

- 

10 

1 

1 

10 

20 

- 

0.01 

1 

- 


15 

2 

2 

20 

40 

- 

0.01 

2 

- 

m n 

ESI 

na 

10 

100 

200 

- 

0.02 

10 

Output Drive 
Current: 
N-Channel 
(Sink), 

IqN Min. 

0.4 

■ 

5 

0.5 

0.45 

0.36 

0.3 

0.4 

0.8 


m A 

HI 


KB 

m 


0.75 

0.65 


1.8 

- 

KB 


15 

EQ 


2.5 

2.2 

3 

6 

- 

P-Channel 

(Source), 

l D P Min. 

KB 

- 

5 

BiH 

SB 

-0.36 

-0.3 

ean 

-0.8 

- 

m 

- 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

m 

- 

10 

-1.1 

-1 

-0.75 

-0.65 

-0.9 

-1.8 

- 

Ijcjyj 

1 

15 

-3.3 

-3.2 

-2.5 

-2.2 

-3 

-6 

- 

Output Voltage: 
Low- Level, 

Vql Max 


0, 5 

5 

0.05 


0 

0.05 

V 

- 

BKTI 

KB 

0.05 

— 

0 

0.05 

- 

0, 15 

IB 

0.05 

- 

0 

0.05 

High Level, 

Vqh Min. 

_ 

IER1 

\mm 

4.95 

4.95 

5 

_ 

- 

0, 10 

10 

9.95 

9.95 

10 

- 

_ 

EXE 

IIB 

14:95 


15 

_ 

Noise Immunity : 
Inputs Low, 

V NL Mm. 

i 

■ 

5 

1.5 

1.5 

2.25 


V 

B 


10 

3 

3 

45 

- 

IHH 

gjjSj 

IIB 

4.5 

KB 


- 

Inputs High 

V NH Mm. 

EEI 


5 

1.5 

1.5 

E 

- 

1 

- 

IIB 

3 

3 

4.5 

- 

1.5 

- 

15 

4.5 

KB 

6.75 

- 

Noise Margin: 
Inputs Low, 
V NML Min 

4.5 

_ 

5 

1 

1 

_ 

_ 

V 

9 

- 

10 

1 

1 

- 

- 

IKS 

11 

15 

1 

1 

- 

- 

Inputs High, 
V NMH Min 

m 

IH 

5 

1 

1 

- 

- 

i 

- 

IIB 

1 

1 

- 

- 

ED 


IIB 

1 

1 

- 

- 

Input Leakage 
Current, 

l |L , l m Max. 

Any Input 

20 

±1 



±10 -5 

±1 

pA 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t,, tf * 20 ns, 
C L * 50 pF, R l = 200 Kf2 


CHARACTERISTIC 

■B 

ALL TYPES 
LIMITS 

UNITS 

Typ. 

Max. 

Propagation Delay Time ? t PLH' l PHL 

5 

175 

350 

ns 

10 

70 

140 

15 

50 

100 

Transition Time*, ty HL , *TLH 

5 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Average Input Capacitance; Cj 

Any Input 

5 

- 

pF 


For quiescent device current, noise immunity, and input leakage current test circuits see "Ratings and 
Characteristics" at the beginning of the COS/MOS section. 



Fig. 6 — Typical transition time vs. load 
capacitance. 
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Fig. 7 — Typical propagation delay time vs. 
load capacitance. 



Fig. 8 — Typical propagation delay time vs. 
supply voltage. 



Fig. 9 — Typical dynamic power dissipation vs. 
input frequency. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4071B, CD4072B, CD407SB Types 


COS/MOS OR Gates 

High-Voltage Types (3-to-20-Volt Rating) 

CD4071B Quad 2-Input OR Gate 
CD4072B Dual 4-Input OR Gate 
CD4075B Triple 3-Input OR .Gate 



Fig. 1 — Functional diagram for CD4072B. 



Fig. 4 - Minimum and maximum voltage transfer 
characteristics. 


The RCA-CD4071B, CD4072B, and 
CD4075B OR gates provide the system 
designer with direct implementation of the 
positive-logic OR function and supplement 
the existing family of COS/MOS gates. 


V DD 



Fig. 2 — Functional diagram for CD4075B. 



Fig. 5 - Typical output-N-channe / drain 
characteristics. 



The CD4071, CD4072 and CD4075 types 
are supplied in 14-lead hermetic dual-in- 
line ceramic packages (D, F, and Y suffixes), 

14-lead dual-in-line plastic packages (E suf- 
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 

Features: 

a Medium-Speed Operation tp LH = 70 ns (typ.); 
tpHL = 100 ns (typ.) at 10 V 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 juA at 20 V 

(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 

ture range) 

■ 5-V, 10-V, and 15-V parametric ratings 



INPUT VOLTAGE ( V x )—V 9ZCS-Z58I5RI 


Fig. 3 — Typical voltage and current transfer 
characteristics. 
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Fig. 6 — Minimum output-N-channe / drain 
characteristics. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T^g) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125° C 

PACKAGE TYPES E, Y -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vg§ Terminal): -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P Q ): 

FOR T a = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265° C 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (ForT A = Full 
Package-Temperature Range) 

3 

18 

V 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4071B, CD4072B, CD4075B Types 

STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, + 125 Apply to D, K, F, H 
Packages 

Values at -40, +25, +85 Apply to E, Y Packages 

UNITS 

v o 

(V) 

V IN 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

MIN. 

TYP. 

MAX. 

Quiescent Device 
Current, 1 L Max, 

_ 

_ 

5 

0.5 

0.5 

5 

10 

_ 

0.01 

0.5 

pA 

- 

- 

10 

1 

1 

10 

20 

- 

0.01 

1 

- 

- 

15 

2 

2 

20 

40 

_ 

0.01 

2 

- 

- 

20 

10 

10 

100 

200 

- 

0.02 

10 

Output Drive 
Current: 

N-Channel 
(Sink), l D N 

Min. 

0.4 


5 

0.5 

0.45 

0.36 

0.3 

0.4 

0.8 


mA 

0.5 

~ 

10 

1.1 

1 

0.75 

0.65 

0.9 

1.8 

- 

1.5 

- 

15 

3.3 

3.2 

2.5 

2.2 

3 

6 

_ 

P-Channel 
(Source), 
l D P Min. 

4.6 

_ 

5 

-0.5 

-0.45 

-0.36 

-0.3 

-0.4 

-0.8 

_ 

2.5 

- 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

_ 

9.5 

- 

10 

-1.1 

-1 

-0.75 

-0.65 

-0.9 

-1.8 

- 

13.5 

- 

15 

-3.3 

-3.2 

-2.5 

-2.2 

-3 

-6 

- 

Output Voltage: 
Low-Level, 

Vq L Max. 


0, 5 

5 

0.05 


0 

0.05 

V 

- 

0, 10 

10 

0.05 

- 

0 

0.05 

- 

0, 15 

15 

0.05 

- 

0 

0.05 

High Level, 

V OH Min ' 

- 

0, 5 

5 

4.95 

4.95 

5 

_ 

- 

0, 10 

10 

9.95 

9.95 

10 

- 

- 

0, 15 

15 

14.95 

14.95 

15 


Noise Immunity: 
Inputs Low, 

V NL Min. 

4.2 


5 

1.5 

1.5 

2.25 


V 

9 

- 

10 

3 

3 

4.5 

_ 

13.5 

- 

15 

3.75 

3.75 

5.6 

_ 

Inputs High, 

V [\JH Min. 

0.8 

_ 

5 

1.5 

1.5 

2.25 

_ 

1 

_ 

10 

3 

3 

4.5 


1.5 

- 

15 

3.75 

3.75 

5.6 

_ 

Noise Margin: 

Inputs Low, 

V NML Min - 

4.5 


5 

1 

1 



V 

9 

- 

10 

1 

1 

_ 

_ 

13.5 

- 

15 

1 

1 

- 

- 

Inputs High, 
V NMH Min - 

0.5 

- 

5 

1 

1 

- 

- 

1 

— 

10 

1 

1 

- 

_ 

1.5 

- 

15 

1 

1 

- 

_ 

Input Leakage 
Current, 

*IL' *IH Max. 

Any input 

20 

±1 

- 

±10’ 5 

±1 

MA 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At 25 f C; Input t r , tf= 20 ns, C ^ = 50 pF, 200 kSl 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 


V DD 

VOLTS 

TYP. 

MAX. 

Propagation Delay Time: 



5 

250 

500 



'PHL 


10 

100 

200 

ns 

High-to-Low Level 



15 

80 

150 





5 

175 

350 


Low-to-High Level 

tpLH 


10 

70 

140 

ns 




15 

55 

110 



tTHL 


5 

100 

200 


Transition Time 



10 

50 

100 

ns 


h"LH 


15 

40 

80 


Average Input Capacitance 

C l 

Any Input 


5 

- 

pF 


DRAIN -TO -SOURCE VOLTAGE (V QS )-v 



Fig. 7 — Typical output-P -channel drain 
characteristics. 


DRAIN- TO - SOURCE VOLTAGE lv 0S )-V 



Fig . 8 — * Minimum output-P -channel drain 
characteristics. 
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9ZCS-24409 LOAD CAPACITANCE (C L >— pF 

Fig. 9 — Typical high-to-low level propagation 
delay time vs. load capacitance. 



Fig. 10 — Typical low-to-high level propagation 
delay time vs. load capacitance. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 

CD4071B, CD4072B, CD4075B Types 
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Fig. 11 — Typical propagation delays vs. supply 
voltage. 


Fig. 12 - Typical transition time vs. load capaci- 
tance. 


Fig. 13 — Typical dynamic power dissipation vs. 
frequency. 



v oo 




NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V D0 AND V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V DD °" V SS 


92CS- 27402 


Fig. 14 — Quiescent device current test circuit. Fig. 15 — Noise immunity test circuit. 


Fig. 16— Input leakage current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4073B, CD4081B, CD4082B Types 


COS/MOS AND Gates 

High-Voltage Types (3-to-20-Volt Rating) 

CD4081B Quad 2-Input AND Gate 
CD4082B Dual 4-Input AND Gate 
CD4073B Triple 3-Input AND Gate 

The RCA - CD4081B, CD4082B, and 

CD4073B AND gates provide the system 
designer with direct implementation of the 
AND function and supplement the existing 
family of COS/MOS gates. 

The CD4081B, CD4082B, and CD4073B 
types are supplied in 14-lead hermetic dual- 
in-line ceramic packages (D, F, and Y 


Features: 

■ Medium-Speed Operation — tp|_^ = 85 ns (typ.); 
tpHL = 65 ns (typ.) at 10 V 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 //A at 20 V 

(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 

ture range) 

■ 5-V # 10-V, and 15-V parametric ratings 


suffixes), 14-lead dual-in-line plastic pack- 
ages (E suffix), 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 




Fig. 1 — Functional diagram for CD4082B 



92CS-2757I 

Fig. 2 — Functional diagram for CD4073B 



INPUT VOLTAGE ( V x I— V 

92CS-23B29RI 

Fig. 3 - Typical voltage and current 
transfer characteristics. 


RECOMMENDED OPERATING CONDITIONS at T a =2?Cj 

For maximum reliability ; nominal operating conditions should be selected so that 

operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply -Voltage Range (For T^ = Full Package 
Temperature Range) 

3 

18 

V 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H. . . -55 to +125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V QD ) 

(Voltages referenced to Vgg Terminal) -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T a = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T A = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100° C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265° 



INPUT VOLTAGE < V x I — V 

92CS-245SO 

Fig. 4 — Minimum and maximum voltage 
transfer characteristics. 



92CS-243l«Rt 

Fig. 5 — Typical output-N -channel 
drain characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4073B, CD4081B, CD4082B Types 

STATIC ELECTRICAL CHARACTERISTICS 


| AMBIENT TEMPERATURE (T A )-25»C t 


CHARACTER- 

ISTIC 


LIMITS AT INDICATED TEMPERATURES (°C) 

CONDITIONS Values at -55,+25,+1 25 Apply to D,K,F ,H Packages 
Values at -40 ,+25, +8 5 Apply to E, Y Packages^ 

Vn |v.Jv nri I I I I + 25 

, ° ' ... -55 -40 +85 +125 ..... L„„ I... “ 


-I GATE- TO- SOURCE VOLTAGE (Vqs)*I5V 


(V) (V) (V) 

5 


-55 -40 


MIN, TYP. MAX. 
0.01 0.5 

0.01 1 


















































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4073B, CD4081B, CD4082B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS 

At T a = 25° C; Input t r , tf= 20ns,C L = 50 pF, =200KSl 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 


V DD 

VOLTS 

TYP. 

MAX. 

Propagation Delay Time: 



5 

160 

320 



'PHL 


10 

65 

130 

ns 

High-to-Low Level 



15 

50 

100 





5 

210 



Low-to-High Level 

’PLH 


10 

85 

EE 9 

ns 




15 

65 

130 



^HL 


5 

100 



Transition Time 



10 



ns 


*TLH 


15 

40 

80 


Average Input 

Capacitance 

D 

Any Input 

■ 

5 

B 

pF 



Fig. 10 — Typical low-to-high level propagation 
delay vs. load capacitance. 



Fig. 11 — Typical propagation delay vs. supply 
voltage. 



Fig. 14 — Quiescent device current test circuit. 
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Fig. 12 — Typical transition time vs. load capaci- 
tance. 
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Fig. IS — Noise immunity test circuit. 
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Fig. 13 — Typical dynamic power dissipation vs. 
frequency. 



Fig. 16— Input leakage current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4076B Types 


COS/MOS 4-Bit D-Type Registers 

High-Voltage Types (3-to-20-Volt Rating) 


The CD4076B types are four-bit registers 
consisting of D-type flip-flops that feature 
three-state outputs. Data Disable inputs are 
provided to control the entry of data into 
the flip-flops. When both Data Disable in- 
puts are low, data at the D inputs are loaded 
into their respective flip-flops on the next 
positive transition of the clock input. Out- 
put Disable inputs are also provided. When 
the Output Disable inputs are both low, the 
normal logic states of the four outputs are 
available to the load. The outputs are disa- 
bled independently of the clock by a high 
logic level at either Output Disable input, 
and present a high impedance. 


The CD4076B types are supplied in 16-lead 
ceramic dual-in-line packages (D, F, and Y 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form {H suffix). 

Features: 

■ Three-state outputs 

■ Input disabled without gating the clock 

■ Gated output control lines for 
enabling or disabling the outputs 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 juA at 20 V 
(full package-temperature range) 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V QD ) 

(Voltages referenced to Vgg Terminal): —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


DATA INPUT 
0ISA8LE 

Cl G2 

91 101 

CLOCK 

71 

OUTPUT 

DISABLE 

M N 


0.H 

02 13 

-O'j'©- 

— 

A D-TYPE 

- 


- 3 o. 

i 02 

03 ' 2 

-orfo- 


fLIP/FLOPS 
WITH 
AND- OP 


1 

-0^0- 

5 Q3 

04— 

-aT o- 

— 

LOGIC 

— 


-*04 




Il3 

RESET 

V SS -8 

V 00 *I6 

92CS-24885RI 


CD4076B 

Functional Diagram 



■ 1-V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15-V parametric ratings 


Truth Table 



When either Output Disable M or N is high, the outputs are 
disabled (high impedance state); however sequential operation 
of the flip-flops is not affected. 

1 = High Level X = Don't Care 

0 = Low Level NC = No Change 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

LIMITS 

UNITS 


(V) 

Min. 

Max. 


Supply-Voltage Range (ForT A =Full Package- 



18 

V 

Temperature Range) 


3 


5 

200 

- 


Data Setup Time, tg 

10 

80 

- 

ns 


15 

60 

- 



5 

200 

- 


Clock Pulse Width, tyy 

10 

100 

- 

ns 

15 

80 

- 



5 


3 


Clock Input Frequency, f qj_ 

10 

dc 

6 

MHz 


15 


8 


Clock Rise or Fall Time, t r CL, tfCL: 

3-20 

- 

15 

V* 


5 

120 

- 


Reset Pulse Width, tyy 

10 

50 

- 

ns 

15 

40 

- 



5 

180 

- 


Data Input Disable Setup Time, tg 

10 

100 

- 

ns 


15 

70 

- 




92CS-24886RI 


Fig. 1— CD4076B logic diagram. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4076B Types 



Fig. 2 — Functional waveforms for CD4076B. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C; Input t r ,tf=20 ns, 
C l =50 pF,R L =200 Kft 


CHARACTERISTIC 

TEST CONDITIONS | 

LIMITS | 

UNITS 


V DD 

V 

Min. 

Typ. 

Max. 

Propagation Delay Time: 


5 

- 

300 

600 


Clock to Q Output, tpm_, tPLH 


10 

- 

125 

250 




15 

— 

90 

180 




5 

- 

230 

460 


Reset, W< R > 


10 


100 

200 




15 

1 

75 

150 


1 





ns 



5 


150 

300 


3-State Output 1 or 0 to High 


10 


75 

150 


Impedance, tp(l-H), tp(O-H) 


15 

■ 

60 

120 




5 


150 

300 


3-State High Impedance to 1 


10 


75 

150 


or 0 Output, tp(H-l), tp(H-O) 


15 

■ 

60 

120 




5 

- 

100 

200 


Transition Time, typ||_, t TLH 


10 

- 

50 


ns 



15 


40 

80 





D 

6 

■ 


Maximum Clock Input Frequency, Hq[_) 



H 

12 


MHz 




■ 

16 






■ 

m 

torn 


Minimum Clock Pulse Width, tyy 




m 

m 

ns 




m 

E9 

80 




5 

■ 

60 

120 


Minimum Reset Pulse With, tyy 


10 

I 

25 

50 

ns 



15 

1 

20 

40 




5 

■ 

100 



Minimum Data Setup Time, tg 


10 


40 

R 

ns 



15 

■ 

30 

B 


Minimum Data Input Disable 


5 

■ 

90 

180 


Setup Time, tg 


10 

I 

50 

100 




15 

i 

35 

70 


Average Input Capacitance, Cj 

Any Input 

- 

- 

5 

- 

pF 



Fig. 3— Typical maximum clock input 
frequency i/s. supply voltage. 



Fig. 4— Typical dynamic power dissipation 
vs. frequency. 



92CS-243IBR2 


Fig. 5— Typical outp ut-N-chan net 
drain characteristics. 
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Fig. 6— Minimum output-N-channe / 
drain characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4076B Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Values at -55, +25, + 125 Apply to D,K,F,H Packages 

Units 

pA 

v o 

<V) 

< < 

— 2 

V DD 

(V) 

values ai npp 

iy zo c ,i racKages 

1 +25 


-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 

Current, II Max. 

- 

- 

5 

5 

5 

50 

100 

- 

0.02 

5 

- 

- 

TO 

10 

10 

100 

200 

- 

0.02 

10 

- 

- 

15 

Ea 

20 

200 

400 

- 

0.02 

20 


- 

sa 

nsa 

100 

1000 

2000 

- 

0.04 

100 

Output Voltage: 
Low Level, 

Vql Max. 


0, 5 

5 

0.05 


0 

0.05 

■ V 

- 

0, 10 

10 

0.05 

- 

0 

0.05 

- 

0, 15 

wm 

0.05 

- 

0 

0.05 

High Level, 

Vqh Min. 

_ 

!»K1 

wm 

4.95 

flEH 

5 

_ 

- 

EES 

10 

9.95 

9.95 

10 

- 

_ 

(SH3 

wm 

14.95 

8HEH 

15 

_ 

Noise Immunity: 
Inputs Low, 

V NL Min. 

4.2 


5 

1.5 

1.5 

2.25 


V 

9 

- 

10 

3 

3 

4.5 

- 

13.5 

- 

15 

4.5 

4.5 

6.75 

- 

Inputs High. 

Vjsjh Min. 

0.8 

- 

5 

1.5 

1.5 

2.25 

— 

1 

- 

10 

3 

3 

4.5 

- 

1.5 

- 

15 

4.5 

4.5 

6.75 

- 

Noise Margin: 
Inputs Low, 
V NML Min - 

4.5 

_ 

5 

1 

i 

_ 

_ 

V 

9 

_ 

10 

1 

1 

_ 

— 

13.5 

- 

15 

1 

1 

- 

- 

Inputs High, 
V NMH Min - 

0.5 

- 

5 

1 

1 

- 


1 

- 

10 

1 

1 

- 


1.5 

- 

15 

1 

1 

- 

- 

Output Drive 
Current: 
N-Channel 
(Sink), 

IqN Min. 

0.4 


5 

0.5 

0.45 

0.36 

0.3 

0.4 

0.8 


mA 

0.5 

- 

10 

1.1 

1 

0.75 

0.65 

0.9 

1.8 

- 

1.5 

- 

15 

3.3 

3.2 

2.5 

2.2 

3 

6 

- 

P Channel 
(Source), 

IqP Min. 

4.6 

- 

5 

-0.5 

-0.45 

-0.36 

-0.3 

-0.4 

-0.8 

- 

2.5 

- 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

- 

10 

-1.1 

-1 

-0.75 

-0.65 

-0.9 

-1.8 

- 

13.5 

- 

15 

-3.3 

-3.2 

-2.5 

-2.2 

-3 

-6 

- 

Input Leakage 
Current, 

1 1 L- 'lH Max - 

Any Input 

20 

±1 

- 

±10~ 5 

±1 

/JA 

3-State Output 
Leakage Current 

•ol'oH Max - 

Forced 

(Output 

Disabled) 

0, 2o| - 1 20 

±2 

- 

±10“ 4 

±2 

PA 




MD- 


DRAIN -TO -SOURCE VOLTAGE <V DS )-v| 



Fig. 7— Typical output-P-channel 


drain characteristics. 

DRAIN - TO - SOURCE VOLTAGE (V DS )-V 



Fig. 8— Minimum output-P-channel 
drain characteristics. 
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Fig. 9 — Typical propagation delay time 
i/s. load capacitance. 
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NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 0D AND V SS 
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\ V 00 ORV ss - 
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Fig. 1 1 —Quiescent device current test circuit. 


Fig. 12— Noise immunity test circuit. 


Fig. 13— input leakage current test circuit. 



























































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4078B Types 


COS/MOS 8-Input NOR Gate 

High-Voltage Types (3-to-20 Volt Rating) 


The RCA-CD4078B NOR Gate provides the 
system designer with direct implementation 
of the positive-logic 8-input NOR function 
and supplements the existing family of COS/ 
MOS gates. 

The CD4078B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D, F, 
and Y suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 


packages (K suffix), and in chip form (H 
suffix). 


For MAXIMUM RATINGS see "Ratings and 
Characteristics" at the beginning of the COS/MOS 
section. 



v'od * 14 

V SS * 7 


NC * 1, 6, 0 

92CS-23877RZ 


CD4078 

FUNCTIONAL DIAGRAM 

Features: 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T^= 25° C; Input t r , tf= 20 ns, C j_ - 50 pF, R ^ = 200k£l 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 


V DD 

VOLTS 

TYP. 

MAX. 

Propagation Delay Time: 


5 

200 

400 




10 

80 

160 

ns 

High-to-Low Level, tp^ 


15 

60 

120 




5 

MM 


■■ 

Low-to-High Level, tp |_(_j 


10 

MM 

MEm 




15 

MM 

mm 

HI 



mm 

wmm 

— 

■■ 

Transition Time, tjp|j_, ty^pj 



Eg 

it 





■9 

■■ 

* 

Average Input Capacitance, C ( 

Any Input 

5 

- 

pF 



92CS-24JI9 


Fig. 2 — Minimum output-N-channel drain 
characteristics. 



9ZCS-Z4JJJ 


Fig. 5 — Typical transition time vs. load capaci- 
tance. 


DRAIN-TO -SOURCE VOLTAGE <V DS )-V 



Fig. 3— Typical output -P -channel drain 
characteristics. 



Fig. 6 — Typical propagation delay time vs. supply 
voltage. 


■ Medium-speed operation — tp^L = 80 ns, 

tpLH * 170 ns (typ.) at 10 V 

■ Buffered Output 

■ Quiescent current specified to 20 V 

■ Maximum input leakage current of IjuA 

at 20 V (full-package-temperature range) 



92CS-24JI6R2 

Fig. 1 - Typical output-N-channel drain 
characteristics. 

DRAIN -TO -SOURCE VOLTAGE (V„ s )-v| 



Fig. 4 — Minimum output-P-channel drain 
characteristics. 
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Fig. 7— Typical high-to-low level propagation 
delay time vs. load capacitance. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4078B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For 

Ta = Full Package Temp- 
erature Range) 

3 

18 

V 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Valuesat -55,+25,+ 1 25 Apply to D,K,F,H Packages 
Values at -40, +25, +85 Apply to E, Y Packages 

UNITS 

v o 

(V) 

V IN 

(V) 

V DD 

(V) 

-55 


+85 

+125 

+25 

MIN. 

TYP. 

MAX. 

Quiescent 

Device 

Current, 1^ 
Max. 

— 

— 

5 

0.5 

0.5 

5 

10 

El 

0.01 

ifim 

pA 

- 

- 

10 

n 

1 

10 

20 

i 

0.01 

i 

- 


15 

a 

2 

20 

40 



0.01 

2 

- 

- 

20 

10 

10 

100 

200 


0.02 

10 

Output Drive 
Current: 

N-Channel 

(Sink), 

l D N Min. 

0.4 

H 

H 

0.5 

0.45 

0.36 

0.3 

0.4 

0.8 

■ 

mA 

0.5 


na 



0.75 


0.9 

1.8 

- 

1.5 

I 

H 

g 

i 

2.5 

D 

3 

6 

■ 

P-Channel 
(Source), 
l D P Min. 

4.6 

“ 

D 


-0.45 

-0.36 

-0.3 

-0.4 

gg 

- 


- 

D 

EH 

-1.8 


-1.15 

om 

E3 

- 

9.5 

- 

m 

-1.1 

-1 

Qgjjj 

-0.65 


-1.8 

- 

13.5 

- 

D 




-2.2 

EH 

-6 

- 

Output Voltage: 
Low-level, 

Vql Max. 

mm 

0, 5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 


s 

0.05 

- 

0 

0.05 

High Level, 
V OH Min ' 

n 

0,5 

B 

4.95 

4.95 

5 

- 

- 



9.95 

9.95 

10 

- 

- 



14.95 

14.95 

15 

- 

Noise 

Immunity: 
Inputs Low, 
V NL Min. 

m 

- 

5 

1.5 

1.5 

2.25 

- 

V 

9 

- 


3 


mm 

- 


- 


3.75 

3.75 

5.6 

- 

Inputs High, 
V NH Min ' 

08 

- 

5 

1.5 

1.5 

2.25 

- 

1 

- 

10 

3 

3 

wm 

- 

1.5 

- 

15 

3.75 

3.75 


- 

Noise Margin: 
Inputs Low, 

V NML Min - 

KB 

- 

5 

1 

1 

- 

- 

V 

11 

- 


1 

1 

- 

- 

mn 

- 

15 

1 


- 

- 

Inputs High, 
V NMH Min ‘ 

0.5 

— 

5 

1 

1 

— 

— 

1 

- 

10 

1 


- 

- 

1.5 

- 

15 

1 

1 

- 

- 

Input Leakage 
Current, 
l |L , l |H Max. 

Any Input 

±1 


±10 -5 

±1 

pA 
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92CS-24M* 

Fig. 8 - Typical low- to -high level propagation 
delay time vs. load capacitance. 



INPUT VOLTAGE I V x ) — V 

92CS-23079 


Fig. 9 - Typical voltage and current transfer 
characteristics. 



Fig. 10 — Minimum and maximum voltage transfer 
characteristics. 



92CS-24323 

Fig. 11 — Typical power dissipation vs. 
frequency. 


For quiescent device current, noise immunity, and 
input leakage current test circuits see "Ratings and 
Characteristics" at the beginning of the COS/MOS 
section. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4085B Types 

COS/MOS Dual 2-Wide 2-Input AND-OR-INVERT Gate 


High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4085 contains a pair of AND- 
OR-INVERT gates, each consisting of two 
2-input AND gates driving a 3-input OR 
gate followed by an inverter. Individual 
inhibit controls are provided for both A-O-l 
gates. 


The CD4085B types are supplied in 14-lead 
dual-in-line ceramic packages (D, F, Y suf- 
fixes), 14-lead dual-in-line plastic packages 
(E suffix), 14-lead ceramic flat packs (K suf- 
fix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -66 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal): —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (Pp): 

FOR T a = -40 to +60°C (PACKAGE TYPES E, Y) 500 mW 

FOR T a ~ +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1>.59 ± 0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 



Vqo - 14 
VSS-7 


E - INHIBIT* AB+CD 
LOGIC I* HIGH 
LOGIC 0* LOW 


92CS- 23890*2 


CD4085 Functional Diagram 


Features . 

■ Medium-speed operation — tp|_j|_ = 90 ns; 
tpLH = 125 ns (typ.) at 10 V 

■ Individual inhibit controls 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 /iA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15- V parametric ratings 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For T A =Full Package- 
Temperature Range) 

3 

18 

V 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r , tf = 20 ns, 
C L = 50 pF, R l - 200 K a 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 

V DD 

V 

Typ. 

Max. 

Propagation Delay Time (Data): 

High-to-Low Level, l PHL 

5 

225 

450 

ns 

10 

90 

180 

15 

65 

130 

Low-to-High Level, X PLH 

5 

310 

620 

ns 

10 

125 

250 

15 

90 

180 

Propagation Delay Time (Inhibit): 

High-to-Low Level, tpHLONH) 

5 

150 

300 

ns 

10 

60 

120 

15 

40 

80 

Low-to-High Level, t PLH(INH) 

5 

250 

500 

ns 

10 

100 

200 

15 

70 

140 

Transition Time, tTHL^TLH 

5 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Average Input Capacitance, Cj 

Any Input 

5 

- 

PF 



INPUT VOLTASE (Vj)— V 

Fig. 1 ~ Typical voltage and current transfer 
characteristics . 



Fig. 2 - Min. and max. voltage transfer 
characteristics. 
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92CS-24 32 I 

Fig. 6 — Minimum output p-channel drain 
characteristics. 


LOAO CAPACITANCE (C^ — pf 

■ Typical data high-to-low level propagation 
delay time vs. load capacitance. 


LOAD CAPACITANCE (C L )— pF 

Fig. 8 ~ Typical data low-to-high level propagation 
delay time vs. load capacitance. 
































































































































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4085B Types 
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IICt-MUt 

Fig. 10 — Typical transition time vs. load 
capacitance. 



WCt-t4U3 

Fig. 1 1 ■ Typical power dissipation vs. frequency. 



V 0D 




NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V D0 ANDV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V 00°* V SS 


92CS-2T402 


Fig. 12 - Quiescent device current test circuit. 


Fig. 13 - Noise immunity test circuit. 


Fig. 14 — input leakage current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4086B Types 

COS/MOS Expandable 4-Wide 
2-Input AND-OR-INVERT Gate 


High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4086B contains one 4-wide 
2-input AND -OR-INVERT gate with an 
INHIBIT/EXP input and an ENABLE/ 
EXP inp ut. F or a 4-wide A-O-l function 
INHIBIT/EXP is tied to V ss and ENABLE/ 
EXP to Vqq. See Fig. 2 and its associated 
explanation for applications where a cap- 
ability greater than 4-wide is required. 


The CD4086B is supplied in 14-lead dual-in- 
line ceramic packages (D, F, Y suffixes), 
14-lead dual-in-line plastic packages (E 
suffix), 14-lead ceramic flat packs <K suffix), 
and in chip form (H suffix). 



Features: 

■ Medium-speed operation - tp^L = 90 ns; 

tpLH- 140 ns (typ.) at 10 V 

■ INHIBIT and ENABLE inputs 

■ Buffered outputs 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 juA at 20 V 

(full package-temperature range) 

■ 5-V, 10-V, and 15-V parametric ratings 



•ZC3-2S373 

Fig. 1 — Typical voltage and current transfer 
characteristics. 



characteristics. 


MAXIMUM RATINGS, Absolute-Maximum Values 

STORAGE-TEMPERATURE RANGE (T $tg -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E, Y -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal) -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (Pp): 

FOR T a , -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to+125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS 

AtTjn= 25° C; Input t r , tf= 20 ns, Cf_ ~ 50 pF, R ^ = 200 kQ. 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 


V DD 

(V) 

TYP. 

MAX. 

Propagation Delay Time 
(Data): 

High-to-Low Level, tp HL 


5 

225 

450 

ns 

10 

90 

180 

15 

60 

120 

Low-to-High Level, tp^ 


5 

350 

700 

ns 

10 

140 

280 


100 

200 

Propagation Delay Time 
(Inhibit): High-to-Low 

Level, t pHL( | NH) 


5 

150 

300 

ns 

10 

60 

120 

15 

40 

80 

Low-to-High Level, 
l PLH(INH) 

■ 

5 

250 

500 

ns 

10 

100 

200 

15 

70 

140 

Transition Time, 

^HL' l TLH 


5 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Average Input Capacitance; C| 

Any Input 

5 

- 

pF 


580 































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4086B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (ForT^ = Full Package- 
Temperature Range) 

3 

18 

V 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at -55, +25, +125 Apply to D,K,F,H Packages 
Values at -40+25+85 Apply to E,Y Packages 

UNITS 

v o 

(V) 

V IN 

<V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

MIN. 

TYP. 

MAX. 

Quiescent 

Device 

Current, l|_ 
Max. 

- 

- 

5 


0.5 

5 

10 

- 

0.01 

0.5 


- 



1 

1 

10 

20 

- 

0.01 

1 

- 

n 


2 



40 

- 

0.01 

2 

- 

n 


10 

10 

100 

200 

- 

0.02 


Output Drive 
Current: 

N-Channel 

(Sink), 

IqN Min. 


■ 

5 

0.5 

0.45 

0.36 

0.3 

0.4 

0.8 

a 



- 

10 

1.1 

1 


0.65 

0.9 

1.8 

- 


- 

15 

3.3 

3.2 

n 

m 

a 

6 

a 

P-Channel 

(Source), 

IqP Min. 


- 

5 

-0.5 

-0.45 


on 


-0.8 

- 


- 

5 

-2 

-1.8 

nn 


-1.6 


- 

BnTI 

- 


-1.1 


m 

nn 


-1.8 

- 


- 

ra 

-3.3 


EDI 

EmM 

-3 

-6 

- 

Output Voltage: 
Low-level, 

Vql Max. 

- 


i 

0.05 

- 

0 

0.05 

V 

- 



0.05 

- 

0 


- 


15 

0.05 

- 

0 

0.05 

High Level, 
V OH Min ‘ 

- 


5 

4.95 

4.95 

5 

- 

- 


10 

9.95 

9.95 

10 

- 

- 


15 

14.95 

14.95 

mm 

- 

Noise 

Immunity: 
Inputs Low, 
V NL Min. 

KB 


5 

1.5 

1.5 

Em 

- 


9 

- 

10 

3 

3 

ia 

- 

m 

IB 

15 

4.5 

4.5 



Inputs High, 
V NH Min. 

m 

m 

5 

1.5 

1.5 

2.25 

- 

1 

- 

10 

3 

3 



IIS 



4.5 

Cl 


mm 

Noise Margin: 
Inputs Low, 
V NML Min. 

IKS 

|| 

5 

1 

1 

- 

- 

V 

9 

- 

10 

1 

1 

- 

- 

13.5 

- 

15 

1 

1 

- 

- 

Inputs High, 
V NMH Min ' 

0.5 

— 

5 

1 

1 

— 

— 

1 

- 

10 

1 

1 

- 

- 

1.5 

- 

15 

1 

1 

- 

- 

Input Leakage 
Current, 
l )L , l m Max. 

Any Input 

20 

±1 

- 

±1 O' 5 

±i 

M A 



92CS-243ISR2 

Fig. 3 — Typical output n -channel drain character- 
istics. 



S2C5-24JI9 

Fig. 4 — Minimum output n -channel drain charac- 
teristics. 


DRAIN -TO -SOURCE VOLTAGE (V DS )-V 



Fig. 5 — Typical output p-channel drain character- 
istics. 


DRAIN -TO -SOURCE VOLTAGE tV DS )-V 



Fig. 6 — Minimum output p-channel drain charac- 
istics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4086B Types 



92CS -23871 

Fig. 7 — Two CD4086B's connected as an 8-wide 2-input A-O- 1 gate. 


Fig. 7 above shows two CD4086's utilized 
to obtain an 8-wide 2-input A-O-l function. 
The output (J1) of one CD4086 is fed di- 
rectly to the ENABLE/EXP2 line of the 
second CD4086. In a similar fashion, any 


NAND gate output can be fed directly into 
the ENABLE/EXP input to obtain a 5-wide 
A-O-l function. In addition, any AND gate 
output can be fed directly into the IN- 
HIBIT/EXP input with the same result. 
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0 20 40 60 80 100 

LOAD CAPACITANCE (Cl)— PF 

92CS- 24502 


Fig. 9 — Typical DATA or ENABLE low-to-high 
level propagation delay time vs. load 
capacitance. 



Fig. 10 — Typical DATA or ENABLE propagation 
delay time vs. supply voltage. 



FRFOUENCY If )- kHz 

92CS-24323 



Fig. 12 — Typical power dissipation vs. frequency. 


Fig. 13 — Quiescent-device-current test circuit. 



Fig. 8 - Typical DATA or ENABLE high-to-low 
level propagation delay time vs. load 
capacitance. 
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Fig. 11 — Typical transition time vs. load capacitance. 


Vnl 



Fig. 14 — Noise-immunity test circuit. 


XI>~ 

v ss 


V D0 

L_ 


T 

Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD AND V SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

V DD V SS 


92 CS - 2 7*02 


Fig. 15 — Input leakage-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD4089B Types 


COS/MOS 

Binary Rate Multiplier 

High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4089 is a- low-power 4-bit digital 
rate multiplier that provides an output pulse 
rate that is the clock-input-pulse rate multi- 
plied by 1/16 times the binary input. For 
example, when the binary input number is 
13, there will be 13 output pulses for every 
16 input pulses. This device may be used to 
perform arithmetic operations (add, subtract, 
divide, raise to a power), solve algebraic and 
differential equations, generate natural loga- 
rithms and trigonometric functions, A/D and 
D/A conversions, and frequency division. 

For words of more than 4 bits, CD4089 
devices may be cascaded in two different 
modes: an Add mode and a Multiply mode 
(see Figs. 4 and 5). In the Add mode some of 
the gaps left by the more significant unit at 
the count of 15 are filled in by the less 
significant units. For example, when two 
units are cascaded in the Add mode and 


Features: 

■ Cascadable in multiples of 4-bits 

■ Set to "15" input and "15" detect output 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 /iAat20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Numerical control 

■ Instrumentation 

■ Digital filtering 

■ Frequency synthesis 

■ For further application information, see 
ICAN-6739 "COS/MOS Rate Multipliers — 
Versatile Circuits for Synthesizing Digital 
Functions". 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) .... 
OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPES E, Y 

DC SUPPLY-VOLTAGE RANGE, (V D p) 



—65 to +150°C 

-55 to +125°C 
—40 to +85°C 


programmed to 11 and 13, respectively, the 
more significant unit will have 11 output 
pulses for every 16 input pulses and the 
other unit will have 1 3 output pulses for every 
256 input pulses for a total of 
11 11 _ 189 
16 256 256 

In the Multiply mode the fraction pro- 
grammed into the first rate multiplier is 
multiplied by the fraction programmed into 
the second multiplier. Thus the output rate 
will be 11_ 13 _ 143 

16 X 16 ~ 256 

The CD4089B has an internal synchronous 
4-bit counter which, together with one of the 
four binary input bits, produces pulse trains 
as shown in Fig. 2. 

If more than one binary input bit is high, the 
resulting pulse train is a combination of the 
above separate pulse trains. 

The CD4089B types are supplied in 16-lead 
ceramic dual-in-line packages (D, F, and Y 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


(Voltages referenced to V ss Terminal) : —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E, Y) . . . Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL-PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/1 6 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD4089B Types 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C 


Characteristic 


Conditions 

TYP. 

Units 


Vo 

V|N 

E 

VALUES 



(V) 

(V) 

mm 




Wffl | 

- 

- 

5 

0.02 


Quiescent Device Current, 

■ 

- 

- 

10 

0.02 

mA 

1 

- 

- 

15 

0.02 



- 

- 

20 

0.04 


Output Voltage: 

Low-Level, 


- 

0,5 

5 

0 


V 0L 

- 

0,10 

10 

0 


- 

0,15 

15 

0 

V 



- 

0,5 

5 

5 

High Level, 

V 0H 

- 

0,10 

10 

10 




- 

0,15 

15 

15 


Noise Immunity: 

Inputs Low, 


JEM 

- 

5 

2.25 


Vnl 

9 

- 

10 

4.5 


13.5 

- 

15 

6.75 

V 



0.8 

- 

5 

2.25 


Inputs High, 

VlMH 

1 

- 

10 

4.5 




1.5 

- 

15 

6.75 


Noise Margin: 


Da 

- 

5 

1 Min. 


Inputs Low, 

V NML 

9 

- 

10 

1 Min. 


13.5 

- 

15 

1 Min. 

V 



0.5 

— 

5 

1 Min. 


Inputs High, 

V NMH 

1 

- 

10 

1 Min. 




1.5 

- 

15 

1 Min. 


Output Drive Current: 
N-Channel (Sink), 


0.4 

- 

5 

0.8 


i d n 

0.5 

- 

10 

1.8 


1.5 

- 

15 

6 




m 

- 

5 

-0.8 

mA 

P-Channel (Source), 

'dp 

2.5 

- 

5 

-3.2 


9.5 

- 

10 

-1.8 




13.5 

- 

15 

-6 


Input Leakage Current, 

•iL-'lH 

Any Input 

20 

+10 -5 

MA 


CLOCK jiniuinnnnjummu^ 

COUNTER STATE 0 I 2 3 4 S 6 7 8 9 10 II E 13 14 15 0 I 
R '*1 

<LSB) INPUT A-H 1 I i_i 

I I 

INPUT B*H _ n n U— 

input c*h n n n n » » 

(MSB) INPUT D»H _n n n_n — n — n — n — tLItl 

•ICS48004 

* An output bit may be filled in this counter state 
by a less significant CD4089 cascaded in the Add 
mode. 

Fig. 2 - Timing diagram. 


MOST SIGNIFICANT LEAST SIGNIFICANT 

DIGIT DIGIT 


1 

— 

A 


i — . 

A 

1 

— 

B _ OUT 


o — 

B OUT 

0 

— 

C w OUT 

- 


c dr “®out 

1 

— 

0 INH 


i — 

D INH OUT 



r 

CASC 

1 

— 

CASC 



H 

INH IN "15" 

_ L 

. — _ 

INH IN "|5" 



u 

ST 


L 

ST 



r 

CLEAR S 



CLEAR S 




1 1 



1 . 1 




• T 




V-r 








CL0CK 92CS-23O06 

Fig. 3 — Two CD4089's cascaded in the "Add” mode 
with a preset number of 189. 



CLOCK 

92CS -25009 

Fig. 4— Two CD4089's cascaded in the "Multiply” mode 
with a preset number of 143. 


RECOMMENDED OPERATING CONDITIONS AT T A = 25° C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 

V DD 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range (For T A = Full Package 
Temperature Range) 


3 

18 

V 

Clock Rise or Fall Time, t r Cj_ or tfCL: 

5,10,15 

- 

15 

MS 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD4089B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, C L = 50 pF, Input t r ,tf = 20 ns 
R L = 200kn 

CHARACTERISTIC 

TEST CONDITIONS 

V DD 

(V) 

TYPICAL VALUES 

UNITS 

Propagation Delay Time: 
Clock to "Out", 

tpHL' l PLH 

5 

10 

15 

180 

90 

65 

ns 

Clock to "Inhibit Out" 

l PHL' l PLH 

5 

10 

15 

260 

130 

100 

Transition Time 

l THL' l TLH 

5 

10 

15 

100 

50 

40 

ns 

Maximum Clock Input 
Frequency, f C L(Max.) 

5 

10 

15 

2 

4.5 

5.5 

MHz 


TRUTH TABLE 


INPUTS 

OUTPUTS 




Number of Pulses or 




Number of Pulses or 




Input Logic Level 




Output Logic Level 





(0 = Low; 1 = 

High; X 

= Don't Care) 


(L 

= Low; H 

= High) 1 

D 

c 

B 

A 

CLK 

INH 

STR 

CAS 

CLR 

SET 

OUT 

OUT 

INH 

"15" 






IN 







OUT 

OUT 

0 

0 

0 

0 

16 

0 

0 

0 

0 

0 

L 

H 

1 

1 

0 

0 

0 

1 

16 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

1 

0 

16 

0 

0 

0 

0 

0 

2 

2 

1 

1 

0 

0 

1 

1 

16 

0 

0 

0 

0 

0 

3 

3 

1 

1 

0 

1 

0 

0 

16 

0 

0 

0 

0 

0 

4 

4 

1 

1 

0 

1 

0 

1 

16 

0 

0 

0 

0 

0 

5 

5 

1 

1 

0 

1 

1 

0 

16 

0 

0 

0 

0 

0 

6 

6 

1 

1 

0 

1 

1 

1 

16 

0 

0 

0 

0 

0 

7 

7 

1 

1 

1 

0 

0 

0 

16 

0 

0 

0 

0 

0 

8 

8 

1 

1 

1 

0 

0 

1 

16 

0 

0 

0 

0 

0 

9 

9 

1 

1 

1 

0 

1 

0 

16 

0 

0 

0 

0 

0 

10 

10 

1 

1 

1 

0 

1 

1 

16 

0 

0 

0 

0 

0 

11 

11 

1 

1 

1 

T 

F 

0 

16 

0 

0 

0 

0 

0 

12 

12 

1 

1 

1 

1 

0 

1 

16 

0 

0 

0 

0 

0 

13 

13 

1 

1 

1 

1 

1 

0 

16 

0 

0 

0 

0 

0 

14 

14 

1 

1 

1 

1 

1 

1 

16 

0 

0 

0 

0 

0 

15 

15 

1 

1 











Depends on internal 1 

X 

X 

X 

X 

16 

1 

0 

0 

0 

0 


state of counter 

X 

X 

X 

X 

16 

0 

1 

0 

0 

0 

L 

H 

1 

1 

X 

X 

X 

X 

16 

0 

0 

1 

0 

0 

H 

* 

1 

1 

1 

X 

X 

X 

16 

0 

0 

0 

1 

0 

16 

16 

H 

L 

0 

X 

X 

X 

16 

0 

0 

0 

1 

0 

L 

H 

H 

L 

X 

X 

X 

X 

16 

0 

0 

0 

0 

1 

L 

H 

L 

H 


* Output same as the first 16 lines of this truth table (depending on values of A, B, C, D). 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4093B Types 

COS/MOS Quad 2-(nput NAND Schmitt Triggers 

High-Voltage Types (3-to-20 Volt Rating) 

Features: 


The RCA-CD4093B consists of four Schmitt* 
trigger circuits. Each circuit functions as a 
two-input NAND gate with Sch mitt-trigger 
action on both inputs. The gate switches at 
different points for positive- and negative- 
going signals. The difference between the 
positive voltage (Vp) and the negative volt- 
age (Vty) is defined as hysteresis voltage (V|_|) 
(see Fig. 3). 

The CD4093B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D, 
F, and Y suffixes), 14-lead dual-in-line plastic 
package (E suffix), 14-lead ceramic flat pack- 
age (K suffix), and in chip form (H suffix). 




Sch mitt-trigger action on each input with 
no external components 
Hysteresis voltage typically 0.6 V at 
Vqd = 5 V and 2 V at Vpp = 10 V 
Noise immunity greater than 50% 

Equal source and sink currents 
No limit on input rise and fall times 
Quiescent current specified to 20 V 
Maximum input leakage of 1 nA at 20V 
(full package-temperature range) 

5-V, 10-V, and 15-V parametric ratings 



n v °H 

=e£- v -- 


v D D 

.is- 


ALL INPUTS 
PROTECTION 


PROTECTED I 
NETWORK 


V DD 


OUTPUT 

CHARACTERISTIC 


V DD - 


INPUT 

CHARACTERISTIC 





Applications: 

■ Wave and pulse shapers 

■ High-noise-environment systems 

■ Monostable multivibrators 

■ Astable multivibrators 

■ NAND logic 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges. 


V S S 92CS- 23881 

Fig. 1 — Functional diagram— 1 of 4 Schmitt 
triggers. 


VNL«Vp-V 0L *Vp 

v NH“M3H- v N ,aV DO~ V N 

92C5-2 3883R2 

Fig. 2 — Input and output characteristics. 


CHARACTERISTIC 

MIN. 

MAX. 

UNITS 

Supply-Voltage Range 
(Ta = Package- 

Temp. Range) 

3 

18 

V 



t 

V N Vp 

b) Transfer characteristic of 1 of 4 gates 


*oo 

c) Test setup 


92CM- 23882RI 



a) Definition of Vp. V N . v H 

Fig. 3 — Hysteresis definition, characteristic, and test setup. 

MAXIMUM RATI NGS, Absolute-Maximum Values: 

STQRAGE-TEMPERATURE RANGE (T stg ) -65 to +1 50°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

Voltages referenced to Vss Terminal): —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ) 

FOR Ta = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR TA = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 1 2 mW/°C to 200 mW 

FOR f A = -55 to +100° C (PACKAGE TYPES D, F, K) 500 mW 

FOR Ta = +100 to +1 25° C (PACKAGE TYPES D, F, K) . . . Derate Linearly at 1 2 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265° C 


92CS-24S27 


Fig. 4 — Typical current and voltage 
transfer characteristics. 



Fig. 5 — Typical voltage transfer character- 
istics as a function of temperature. 
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CD4093B Types 


COS/MOS DIGITAL INTEGRATED CIRCUITS 



STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES CC) 

Values at -55. +25, +1 25 Apply to D. K. F. H Packages UNITS 
Values at -40, +25, +85 Apply to E, Y Packages 
— P +25 


AMBIENT TEMPERATURE (T A )-2S*C i 


CHARACTER- 

ISTIC 


CONDITIONS 


V n 


v O V IN 
(V) (V) 


Quiescent Device 
Current, l|_ 


Positive T rigger 
Threshold Voltage 
V p Typ. 


Negative T rigger 
Threshold Voltage 
V N Typ. 


Hysteresis 

Voltage 

V H 

Output Drive 
Current: 
N-Channel 
(Sink), 


-40 

+85 

5 

50 

10 

100 


+125 

^mHUb 

MAX. 

100 

- 

0.02 

5 

200 

- 


10 


- 

0.02 

20 



DRAIN -TO -SOURCE VOLTAGE (V os )-V 

92CS-24 

Fig. 6 - Typical output-N-channel drain 
characteristics. 





















































COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4093B Types 



Fig. 10— Typical propagation delay time 
vs. supply voltage. 



Fig. 13— Typical per cent hysteresis vs. 
supply voltage. 



AMBIENT TEMPERATURE <Ta).25*C ^ 

m 
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i 
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1 
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iiiii 

jiiji 

::!;i 
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1 

iP 
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||j mi in | 

HI |j 
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|| SH 


0 20 40 60 80 IOO 


LOAD CAPACITANCE (C U >— pF 

92CS-24322 

Fig. 11 — Typical transition time vs. load 
capacitance. 



92CS-24833 

Fig. 14 — Typical dissipation characteristics. 



Fig. 12 — Typical trigger threshold voltage 
VSt V DD • 



Fig. 15 — Power dissipation vs. rise and 
fall times. 


TEST CIRCUITS 


APPLICATIONS 


TO CONTROL 
SIGNAL 
OR V D0 

_ -kiH - 

1/4 CD4093B 


FREQUENCY RANGE OF WAVE SHAPE 
IS FROM DC TO I MHz 


jut 


-v 0D 



TO CONTROL 
SIGNAL 
• OR Vdd 


♦r M 

a?®*- _nz 


TL ' 


Vss 


t RC 


( ^ 00 \ 
n yOD~Vp) 


50 lift < R < I 
100 pF < C < \fiF 


92CS- 23885 


FOR THE RANGE OF R AND C 
GIVEN 5 M s < t M <ls 


V D0 



Fig. 16— Wave shaper. 


92CS- 23886RI 

Fig. 17 — Monostable multivibrator 


Fig. 18 — Quiescent device current test 
circuit. 


TO CONTROL SIGNAL 
or Vdd 






50 kft < R< I Mil 
100 pF < C < I m F 


FOR THE RANGE OF R AND C GIVEN 


2 pi < tA < 0.4 s 



92CS-23887RI 

Fig. 19 — Astab/e multivibrator. 


Fig. 20 — Input leakage current test 
circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4094B Types 

COS/MOS 8-Stage Shift-and-Store 
Bus Register 


High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4094B is an 8-stage serial shift 
register having a storage latch associated 
with each stage for strobing data from the 
serial input to parallel buffered 3-state out- 
puts. The parallel outputs may be connected 
directly to common bus lines. Data is shifted 
on positive clock transitions. The data in 
each shift register stage is transferred to the 
storage register when the STROBE input is 
high. Data in the storage register appears at 
the outputs whenever the OUTPUT -ENABLE 
signal is high. 

Two serial outputs are available for cascad- 
ing a number of CD4094B devices. Data is 


For MAXIMUM RATINGS see "Ratings and 
Characteristics." at the beginning of the COS/MOS 
section. 

available at the Q$ serial output terminal on 
positive clock edges to allow for high-speed 
operation in cascaded systems in which the 
clock rise time is fast. The same serial infor- 
mation, available at the Q's terminal on the 
next negative clock edge, provides a means 
for cascading CD4094B devices when the 
clock rise time is slow. 

The CD4094B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, F, 
and Y suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 


Features: 

■ 3-state parallel outputs for connection to 
common bus 

■ Separate serial outputs synchronous to 
both positive and negative clock edges for 
cascading 

■ Medium speed operation — 5 MHz at 10 V 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 juA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 
ture range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Serial-to-parallel data conversion 

■ Remote control holding register 

■ Dual-rank shift, hold, and bus applications 



TRUTH TABLE 


CL* 

Output 

Enable 

Strobe 

Data 

Parallel 

Outputs 

Serial 

Outputs 

Q1 

r QN 

QS* 

Q'S 

~J = ~ 

0 

X 

X 

OC 

oc 

Q7 

NC 

A_ 

0 

X 

X 

oc 

oc 

NC 

Q7 

y 

1 

0 

X 

NC 

NC 

Q7 

NC 

y 

1 

1 

0 

0 

Qn-i 

Q7 

NC 

y 

1 

1 

1 

1 

Qn-i 

Q7 

NC 

■v 

1 

1 

1 

NC 

NC 

NC 

Q7 


A = Level Change Logic 1 = High 

X = Don't Care Logic 0 = Low 

NC = No Change 
OC = Open Circuit 

* At the positive clock edge information in the 7th shift register 
stage is transferred to the 8th register stage and the Qs output. 


RECOMMENDED OPERATING CONDITIONS at Ta = 25° C, Except as Noted 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (ForTA=Full 


3 

18 

V 

Package-Temperature Range) 






5 

125 

- 


Data Setup Time, t$ 

10 

55 

- 

ns 


15 

35 

- 



5 

200 

_ 


Clock Pulse Width, tw 

10 

100 

- 

ns 


15 

83 

- 



5 


1.25 


Clock Input Frequency, fQL 

10 

dc 

2.5 

MHz 


15 


3 


Clock Rise & Fall Time, trCL, tfCL:* 

5, 10, 15 

- 

15 

flS 


5 

200 

- 


Strobe Pulse Width, tw 

10 

80 

- 

ns 


15 

70 

- 



# lf more than one unit is cascaded tfCL (for Qg only) should be made less than or equal 
to the sum of the fixed propagation delay at 50 pF and the transition time of the output 
driving stage for the estimated capacitive load. 



PARALLEL OUTPUTS QI-Q8 


(TERMINALS 4,5,6,7.14,13,12,11, 
RESPECTIVELY) 
9ZCS-24564RI 


CD4094B Functional Diagram 


Fig. 1 ~~ Timing diagram. 



For quiescent device current, noise immunity, and input leakage current test circuits see Ratings and 
Characteristics" at the beginning of the COS/MOS section. 


Fig, 2 - CD4094B Logic diagram. 


92 CL - 25631*1 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4095B, CD4096B Types 

COS/MOS Gated J-K Master-Slave Flip-Flops 

With Set- Reset Capability 
High-Voltage Types (3-to-20-Volt Rating) 

CD4095B Non-Inverting J and K Inputs 
CD4096B Inverting and Non-Inverting J and K Inputs 



in-line plastic package (E suffix), 14-lead 
ceramic flat package (K suffix), and in chip 
form (H suffix). 

Applications: 

■ Registers ■ Counters ■ Control circuits 


The RCA-CD4095B and CD4096B are J-K 
Master-Slave Flip-Flops featuring separate 
AND gating of multiple J and K inputs. The 
gated J-K inputs control transfer of informa- 
tion into the master section during clocked 
operation. Information on the J-K inputs is 
transferred to the Q and Q outputs on the 
positive edge of the clock pulse. SET and 
RESET inputs (active high) are provided for 
asynchronous operation. 

The CD4095B and CD4096B types are sup- 
plied in 14-lead hermetic dual-in-line ceramic 
packages (D, F, and Y suffixes), 14-lead dual- 
MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150* C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125° C 

PACKAGE TYPES E, Y -40 to +85 # C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V$s Terminal) -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T A = +60 to +85° C (PACKAGE TYPES E, Y) . . Derate Linearly at 12 mW/' C to 200 mW 

FOR T A = -55 to +100° C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125" C (PACKAGE TYPES D, F, K)Derate Linearly at 12 mW/’C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) .... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265° C 


RECOMMENDED OPERATING CONDITIONS at T A = 25° C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

LIMITS 

UNITS 


(V) 

MIN. 

MAX. 


Supply- Voltage Range (For T A = Full 


O 

18 

v 

Package-Temperature Range) 






5 

400 

— 


Data Setup Time, t 5 


160 

- 

ns 


15 

100 

- 



5 

140 

— 


Clock Pulse Width, tyy 

10 

60 

- 

ns 


15 

40 

- 



5 


3.5 


Clock Input Frequency, fQ|_ 

10 

dc 

8 

MHz 


15 


12 



5, 10 


15 


Clock Rise and Fall Time, t r CL, tfCL: 

15 

- 

5 

MS 


5 

200 

- 


Set or Reset Pulse Width, tyy 

10 

100 

- 

ns 


15 

50 

- 




Features: 

■ 16 MHz toggle rate (typ.) 
at V DD - V S S = 10V 

■ Gated inputs 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 pA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package- temperature 
range) 

■ 5-V, 10- V, and 15-V parametric ratings 

TRUTH TABLES 


SYNCHRONOUS OPERATION (S=0 R=0) 


Inputs Before 
Positive Clock 

Transition 

Outputs After 
Positive Clock 
Transition 

J* 

K* 

Q 

Q 

0 

0 

No Change 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

Toggles 


* For CD4095B For CD4096j^ 

J = J1 J2 ’ J3 J = J1 ■ J2 - J3 


K = K1 ‘ K2 ' K3 K = K1 * K2 * K3 


ASYNCHRONOUS OPERATION 
(J and K - DONT CARE) 


S 

R 

Q 

Q 

0 

0 

No Change 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

0 

0 


0 = V$S' 1 = V DD 



92CS-243I8R2 

Fig. 1 — Typical output n-channel drain 
characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4095B, CD4096B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at -55, +25, +125 Apply to D,K,F ,H Packages 
Values at -40, +25, +85 Apply to E,Y Packages 

UNITS 

v o 

(V) 

V IN 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

+25 

MIN. 

TYP. 

MAX. 

Quiescent 

Device 

Current, 1^ 
Max. 

- 

- 

5 

5 

5 

50 

100 

- 

0.02 

5 

mA 

- 

- 

10 

10 

10 

100 

200 

- 

0.02 

10 

- 

- 

15 

20 

20 

200 

400 

- 

0.02 

20 

- 

- 

20 

100 

100 

1000 

2000 

- 

0.04 

100 

Output Drive 
Current: 

N-Channel 

(Sink), 

I^N Min. 

0.4 



5 

0.5 

0.45 

0.36 

0.3 

0.4 

0.8 

— 

mA 

0.5 


10 

1.1 

1 

0.75 

0.65 

0.9 

1.8 

- 

1.5 

- 

15 

3.3 

3.2 

2.5 

2.2 

3 

6 

- 

P-Channel 

(Source), 

IqP Min. 

4.6 


5 

-0.5 

-0.45 

-0.36 

-0.3 

-0.4 

-0.8 

- 

2.5 


5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

- 

10 

-1.1 

-1 

-0.75 

-0.65 

-0.9 

-1.8 

- 

13.5 

- 

15 

-3.3 

-3.2 

-2.5 

-2.2 

-3 

-6 

- 

Output Voltage: 
Low-level, 

V QL Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 


- 

EKH 

m 

0.05 


0 

0.05 

- 

BE 

11 

0.05 

- 

0 

0.05 

High Level, 
V 0H Min ' 

- 

0,5 

5 

4.95 

4.95 

m 

- 

- 

0,10 

10 

9.95 


KB— 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Noise 

Immunity: 
Inputs Low, 
V NL Min. 

m 

■ 

5 

1.5 

B3 


- 


9 

- 

IB 

3 

Eft 


- 

13.5 

- 

D 

4.5 

KB 

6.75 

- 

Inputs High, 
V NH Min. 



5 

1.5 

1.5 


- 

1 

- 

10 

3 

3 

eH 

- 

IB 


15 

4.5 

IBB 

6.75 

- 

Noise Margin: 
Inputs Low, 

V NML Min ' 

KB 

n 

5 

1 

1 

- 

- 

V 

9 

- 

10 

1 


- 

- 

13.5 

- 

15 

1 


- 

- 

Inputs High, 
V NMH Min ‘ 

0.5 

— 

5 

1 

1 

— 

— 

1 

- 

10 

1 

m 

- 

- 

1.5 

- 

15 

1 

1 

- 

- 

Input Leakage 
Current, 

1 1 L' ‘lH Max - 

Any Input 

20 

±1 

1 


±1 




setup-time waveforms. 
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Fig.6 - Clock pulse rise and fall time 
waveforms. 
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Fig. 2 — Minimum output-N-channel drain 
characteristics. 
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Fig. 3- Typical output-P-channel drain 
characteristics. 
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Fig. 4 - Minimum output-P-channel drain 
characteristics. 



Fig. 7 — Typical propagation delay time vs. 
load capacitance. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4095B, CD4096B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25 ’ C; Input t r , tf = 20 ns, 
C|_ = 50 pF, Rj_ = 200 Ki2 


CHARACTERISTIC 


LIMITS 


UNITS 



V DD 













(V) 

MIN. 

TYP. 

MAX. 





— 

250 



Propagation Delay Time: tpi-j^ tpLH 



- 

100 






- 

75 

150 

ns 



5 

B 

150 

300 

Set or Reset 


10 

1 

75 

150 




15 

■ 

50 

100 


Clock Rise and Fall Time: t r , tf 


5, 10 
15 

a 

H 

15 

5 

ns 



5 

B 

BPj»I 



Transition Time, tj|_|j_ tjL|_| 


10 

■ 



ns 


15 

■ 

40 

80 




5 


7 

mm 


Maximum Clock Input Frequency, (fQ|J 


10 


16 

B 

MHz 



15 

12 

24 





5 

B 

70 



Minimum Clock Pulse Width, tyy 


10 

B 

30 

60 

ns 


15 

B 

20 

40 




5 

B 

100 

M 


Minimum Set or Reset Pulse Width, tyy 


10 


50 

m 

ns 


15 

■ 

25 

m 




5 

— 




Minimum Data Setup Time, tg 


10 

- 

80 

160 

ns 


15 

- 

50 



Average Input Capacitance, Cj 

Any Input 

- 

- 

5 

- 

pF 


FOR CD4095B 

FOR CD4096B 


FOR CD4095B 


FOR CD4096B 



b)AN OPEN CIRCUIT WHEN CONTROL VSS 

INPUT I IS "HIGH a ANO CONTROL INPUT 

2 IS “LOW" 92CW-2423BBI 


Fig. 11 — CD4095B and CD4096B logic diagram. 


v oo 



Fig. 12 — Noise immunity test circuit. 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V 00 ANOV SS 
CONNECT ALL UNUSED 

* . INPUTS TO EITHER 

\ V 00 OR Vjs 

VSS 

92CS - 27402 

Fig. 13 — Input leakage current test circuit. 


VSS 


iiii 


ii 



psiii 

111 
p •• 
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LOAD CAPACITANCE (C L )— pP 

92CS-24S22 


Fig. 8 — Typical transition time vs. 
load capacitance. 



92CS — 26392RI 

Fig. 9 — Typical dock frequency vs. supply 
voltage (toggle mode). 



92CS-26393 


Fig. 10 — Typical input dock frequency vs. 
power dissipation. 


v oo 



92CS- 27401 

Fig. 14 — Quiescent device current test 
circuit. 


594 



















































COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD4098B Types 

COS/MOS Dual Monostable Multivibrator 

High-Voltage Types (3-to-20-Volt Rating) 


The RCA-CD4098B cjual monostable multi- 
vibrator provides stable retriggerable/ 
resettable one-shot operation for any fixed- 
voltage timing application. 

An external resistor (R^) and an external 
capacitor (C^) control the timing for the 
circuit. Adjustment of R^ and provides 
a wide range of output pulse widths from 
the Q and Q terminals. The time delay from 
trigger input to output transition (trigger 
propagation delay) and the time delay from 
reset input to output transition (reset 
propagation delay) are independent of R^ 
and C^. 

Leading-edge-triggering (+T R ) and trailing- 
edge-triggering (-T R ) inputs are provided for 
triggering from either edge of an input pulse. 
An unused +T R input should be tied to Vgg. 
An unused -T R input should be tied to Vqq. 
A RESET (on low level) is provided for im- 
mediate termination of the output pulse or 
to prevent output pulses when power is 
turned on. An unused RESET input should 
be tied to Vpp. However, if an entire sec- 
tion of the CD4098 is not used, its RESET 
should be tied to Vgg. See table I . 

In normal operation, the circuit retriggers on 
the application of each new pulse. To pre- 
vent retriggering when leading-edge triggering 
is used, Q must be connected to -T R . To 
prevent retriggering when trai ling-edge trig- 
gering is used, Q must be connected to +T R . 

The time period (T) for this multivibrator 
can be approximated by: T ^ = Y 2 * or 

Cx > 0.01 uF. Time periods as a function 
of R^ for values of Cx and Vqq are given 

Features: 

■ Retriggerable/resettable capability 

■ Trigger and reset propagation delays 

independent of c x 

■ Triggering from leading or trailing edge 

■ Q and G buffered outputs available 

■ Separate resets 

■ Wide range of output-pulse widths 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 /iA at 20 V 

(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 

ture range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Pulse delay and timing 

■ Pulse shaping 

■ Astable Multivibrator 


in Fig. 2. Note that the ekact values of T 
vary from unit to unit and as a function of 
voltage, temperature, and Rx^X* 

The CD4098R types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, F, 
and Y suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

The CD4Q98 is similar to type MCI 4528. 


HR- 

-TR- 


RESET -Hd 


►VDD 


M0N0| 


MON62 


V D0 -I6 

V SS *8 


”Q, 

-Of 


-0 2 


CX2 


RxCx<2> 


«X2 
92CS- 24253 


CD 4098 

FUNCTIONAL DIAGRAM 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -65 to +150° C 

OPERATING-TEMPERATURE RANGE (T A ) 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal) -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (Pp): 

FOR T a = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T A = +60 to 85° C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100° C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265° C 

TABLE I 

CD4098 FUNCTIONAL TERMINAL CONNECTIONS 


FUNCTION 

V DD TO 
TERM. NO. 

V SS T0 
TERM. NO. 

INPUT PULSE 

TO TERM. NO. 

OTHER 

CONNECTIONS 

MON0 1 

mono 2 

mono t 

mono 2 

mono 1 

mono 2 

MONO., 

mono 2 

Leading-Edge 

Trigger/ 

Retriggerable 

3,5 

11, 13 



4 

12 



Leading-Edge 

Trigger/ 

Non-retriggerable 

3 

13 



4 

12 

5-7 

11-9 

Trailing-Edge 

Trigger/ 

Retriggerable 

3 

13 

4 

12 

5 

11 



Trailing-Edge 

T rigger/ 

Non-retriggerable 

3 

13 



5 

11 

4-6 

12-10 

Unused Section 

5 

11 

3, 4 

12, 13 






NOTES: 

1. A RETRIGGERABLE ONE-SHOT MULTI- 
VIBRATOR HAS A TIME PERIOD T x RE- 
FERENCED FROM THE APPLICATION OF 
THE LAST INPUT PULSE. 

2. A NON-RETRIGGERABLE ONE-SHOT 
MULTIVIBRATOR HAS A TIME PERIOD 
T x REFERENCED FROM THE APPLICA- 
TION OF THE FIRST INPUT PULSE. 


INPUT PULSE TRAIN 


JITUITL 


RETRIGGERABLE MODE PULSE WIDTH f- 
(+TR MODE) J 

NON-RETRIGGERABLE MODE PULSE 
WIDTH 
(+TR MODE) 


1=^ 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD4098B Types 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

SupplyVoltage Range (ForT A = 
Full Package Temperature 

Range) 

3 

18 

V 


DYNAMIC ELECTRICAL CHARACTERISTICS 

AtT A = 25° C; Input t r , t f =20 ns, C L = 50 pF, R L = 200 ktt 



TEST CONDITIONS 

TYPICAL 


CHARACTERISTIC 

R x (kS2) 

C^lpF ) 

V DD (V) 

VALUES 

UNITS 

Trigger Propagation Delay Time 

5 to 
10,000 


5 

300 


+TR, -TR to Q, Q 

>15 

10 

125 

ns 

tPLH.tPHL 


15 

100 


Minimum T rigger Pulse 

5 to 
10,000 


5 

75 


Width 

>15 

10 

30 

ns 

%L- %H 


15 

25 


Transition Time 

5 to 

<10,000 

5 

100 


10 

50 

ns 

^TLH'tTHL 

10,000 

15 

40 


Reset Propagation Delay 

5 to 
10,000 


5 

250 


Time 

>15 

10 

100 

ns 

t TLH' t PHL 


15 

75 





5 

125 



5 

15 

10 

75 


Minimum Reset Pulse 

Width tyy 



15 

50 

ns 



5 

500 


10 

1000 

10 

275 





15 

200 


Average Input Capacitance Cj 

Any Input 


5 

pF 


V D0 



Fig. ? - CD 4098 logic diagram. 



Fig. 2 — Typical external resistance vs. time 
period for various values of supply volt- 
age and externa! capacitance. 


APPLICATIONS 



Fig. 3 — Pulse delay. 


V 0 D v 00 



92CS- 24257RI 


Fig. 4 — Astable multivibrator. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD4098B Types 

STATIC ELECTRICAL CHARACTERISTICS at T A =25° C 


CHARACTERISTIC 

CONDITIONS 

TYPICAL 

VALUES 

UNITS 

<o 

V| N 

(V) 

V DD 

(V) 

Quiescent Device 
Current, \[_ 

_ 

_ 

5 

0.02 

//A 

- 

- 

10 

0.02 

- 

- 

15 

0.02 

- 


20 

0.04 

Output Voltage: 
Low-Level, 

v OL 



0,5 

5 

0 

V 


0, 10 

10 

0 

- 

0, 15 

15 

0 

High-Level, 

v OH 

- 

0, 5 

5 

5 

- 

0, 10 

10 

10 

- 

0, 15 

15 

15 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 



5 

2.25 

V 

9 

- 

10 

4.5 

13.5 

- 

15 

6.75 

Inputs High, 

V NH 

0.8 

- 

5 

2.25 

1 

- 

10 

4.5 

1.5 

- 

15 

6.75 

i 

Noise Margin: 

Inputs Low, 

V NML 

4.5 

_ 

5 

1 min. 

V 

9 

- 

10 

1 min. 

13.5 

- 

15 

1 min. 

Inputs High, 

V NMH 

0.5 

- 

5 

1 min. 

1 

- 

10 

1 min. 

1.5 

- 

15 

1 min. 

Output Drive 

Current: 

N-Channel 

(Sink), 

| D N 

0.4 


5 

0.8 

mA 

0.5 

- 

10 

1.8 

1.5 

- 

15 

6 

P-Channel 

(Source), 

'DP 

4.6 

- 

5 

-0.8 

2.5 

- 

5 

-3.2 

9.5 

- 

10 

-1.8 

13.5 

- 

15 

-6 

Input Leakage 
Current, 

1 1 L> 1 1 H 

Any Input 

20 

±10~ 5 

ma 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4099B Types 

£*QQ/|U|QC For MAXIMUM RATINGS see "Ratings and 

• IwlV^ W Characteristics" at the beginning of the COS/MOS 

8-Bit Addressable Latch sec,ion 

High-Voltage Types (3-to-20-Volt Rating) 


The RCA-CD4099B 8-bit addressable latch 
is a serial-input, parallel-output storage regis- 
ter that can perform a variety of functions. 

Data are inputted to a particular bit in the 
latch when that bit is addressed (by means 
of inputs AO, A1, A2) and when WRITE 
DISABLE is at a low level. When WRITE 
DISABLE is high, data entry is inhibited; 
however, all 8 outputs can be continuously 
read independent of WRITE DISABLE and 
address inputs. 


and WRITE DISABLE are at a high level. 
When RESET is at a high level, and WRITE 
DISABLE is at a low level, the latch acts as 
a 1-of-8 demultiplexer; the bit that is ad- 
dressed has an active output which follows 
the data input, while all unaddressed bits 
are held to a logic "0" level. 

The CD4099B types are supplied in 16-lead 
hermetic ceramic dual-in-line packages (D, 
F, Y suffixes), 16-lead plastic dual-in-line 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


A master RESET input is available, which 
resets all bits to a logic "0" level when RESET 
RECOMMENDED OPERATING CONDITIONS at T A =25°C (Unless otherwise specified) 
For maximum reliability , nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 

SEE 
FIG. 2* 

V DD 

(V) 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply Voltage Range: 

(At = Full Package 

Temperature Range) 



3 

18 

V 

Minimum Pulse Width, tyy 

Data 

© 

5 

200 

- 

ns 

10 

100 

- 

15 

80 


Address 

© 

5 

400 

— 

10 

200 

— 

15 

125 

- 

Reset 

© 

5 

150 

- 


75 

- 

mm 

50 

- 

Setup Time, tg 

Data to WRITE DISABLE 

© 

5 

100 

- 

ns 

10 

50 

- 

15 

35 

- 

Hold Time, tj-j 

Data to WRITE DISABLE 

© 

5 

150 

- 

ns 

10 

75 

- 

15 

50 

- 


* Circled numbers refer to times indicated on master timing diagram. 

Note: In addition to the above characteristics, a WRITE DISABLE ON time (the time that WRITE 
DISABLE is at a high level) must be observed during an address change for the total time that the 
external address lines AO, A1 , and A2 are settling to a stable level, to prevent a wrong cell from 
being addressed ( (see Fig. 1 )t I write disable 


% 




70% 

30% 


I 


.70% 

30% 




Fig. 1 — Definition of WRITE DISABLE ON time. 

For quiescent device current, noise immunity, and input leakage current test circuits see "Ratings and 
Characteristics" at the beginning of the COS/MOS section. 
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Features: 

■ Serial data input 

■ Active parallel output 

■ Storage register capability 

■ Master dear 

■ Can function as demultiplexer 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 pA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 
ture range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

" Multi-line decoders 

■ A/D converters 


WRITE DISABLE ■ 
DATA 


A0- 
Al - 
A2- 


3v 


V 0D 1 ' 
V S S 1 1 


F-00 

R2-0I 

Q2 

03 

ft?? 

i_Q7 


92CS-24425RI 


FUNCTIONAL DIAGRAM 


MODE SELECTION 

uin 

Q 

ADDRESSED 

UNADDRESSED 

W LI 

n 

LATCH 

LATCH 

a 

0 






State 

0 

1 

Follows Data 

Reset to "0" 



(Active High 8-Channel Demulti- 




plexer) j 

i 

0 

Holds Previous State 

i 

1 

Reset to "0" 

Reset to "0" 


WD - WRITE DISABLE 
R = RESET 



® — r O 

Fig. 2 — Master timing diagram. 






























COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4099B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25° C, C L = 50 pF, 
Input t r . tf= 20 ns, Rl” 200 KQ, 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

ALL PACKAGE TYPES 

UNITS 

SEE 

FIG. 2* 

V DD 

(V) 

TYP. 

MAX. 

Propagation Delay: tpi_H. 

tpHL 

Data to Output, 

© 

5 

200 

400 

ns 

10 

75 

150 

15 

50 

100 

WRITE DISABLE 
to Output, t p LH , 

l PHL 

© 

5 

200 

400 

10 

80 

160 

15 

60 

120 

Reset to Output, 

l PHL 

© 

5 

175 

350 

10 

80 

160 

15 

65 

130 

Address to Output, 
t PLH' 

Vhl 

© 

5 

225 

450 

10 

100 

200 

15 

75 

150 

Transition Time # tTHL' 
(Any Output) ty L H 


5 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Minimum Pulse 

Width, t w 

Data 

© 

5 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Address 


5 

200 

400 

ns 

10 

100 

200 

15 

65 

125 

Reset 

© 

5 

75 

150 

ns 

10 

40 

75 

15 

25 

50 

Minimum Setup 

Time, tg 

Data to WRITE DISABLE 

© 

5 

50 

100 

ns 

10 

25 

50 

15 

20 

35 

Minimum Hold 

Time. tp| 

Data to WRITE DISABLE 

© 

5 

75 

150 

ns 

10 

40 

75 

15 

25 

50 

Average Input Capacitance, 

C| 

Any Input 

5 

- 

pF 


'Circled numbers refer to times indicated on master timing diagram. 



Fig. 3 — Logic diagram and schematic of 1 of 8 
latches. 



»2CS-243ieR l 

Fig. 4 — Typical output-N-channel drain 
characteristics. 



«CS-|«3I» 

Fig. 5 — Minimum output-Nchannei drain 
characteristics. 


DRAIN -TO -SOURCE VOLTAGE (V os )-V 



Fig. 6 — Typical output-P-channei drain 
characteristics. 


DRAIN -TO -SOURCE VOLTAGE (V os )-V 

.ziS -JO 



Fig. 7 — Minimum output-P-channei drain 
characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4099B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (° C) 
Values at -55, +25, +1 25 Apply to D, K, F, H Packages 
Values at -40, +25, +85 Apply to E, Y Packages 

UNITS 

Vo 

(V) 

V| N 

(V) 

V DD 

(V) 

-55 

-40 

+85 

+125 

I +25 

MIN. 

TYP. 

MAX. 

Quiescent 

Device 

Current, 

II Max. 

- 

- 

5 

5 

5 

50 

100 

- 

0.02 

5 

pA 

- 

- 

10 

10 

K3 

UJjj 

200 

- 

EH 

10 


“ 

15 

20 


ESI 

400 

- 


20 



20 



3 

2000 

- 

0.04 

100 

Output Drive 
Current: 
N-Channel 
(Sink), 

l D N Min. 

0.4 


5 

0.5 

0.45 

0.36 

0.3 

0.4 

0.8 


mA 

0.5 


10 

1.1 

1 

0.75 

0.65 

0.9 

1.8 

- 

1.5 

- 

15 

3.3 

3.2 

2.5 

2.2 

3 

6 

- 

P-Channel 

(Source), 

IqP Min. 

4.6 

- 

5 

-0.5 

-0.45 

-0.36 

-0.3 

-0.4 

-0.8 

- 

2.5 


5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

- 

10 

-1.1 

-1 

-0.75 

-0.65 

-0.9 

-1.8 

- 

13.5 

- 

15 

-3.3 

-3.2 

-2.5 

-2.2 

-3 

-6 

- 

Output 

Voltage: 

Low-Level, 

Vql Max. 


0, 5 

5 

0.05 


0 

0.05 

V 


0, 10 

10 

0.05 

- 

0 

0.05 


0, 15 

15 

0.05 

- 

0 

0.05 

High-Level 

VoH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0, 10 

10 

9.95 

9.95 

10 

- 


0, 15 

15 

14.95 

14.95 

15 

- 

Noise 
Immunity: 
Inputs Low, 

V(sjl Min. 

4.2 


5 

1.5 

1.5 

2.25 


V 

9 

- 

10 

3 

3 

4.5 

- 

13.5 

- 

15 

4.5 

4.5 

6.75 

- 

Inputs High 

VjyjH Min. 

0.8 

- 

5 

1.5 

1.5 

2.25 


1 

- 

10 

3 

3 

4.5 

- 

1.5 

- 

15 

4.5 

4.5 

6.75 

- 

Noise Margin: 
Inputs Low, 

V NML Min. 

4.5 



5 

1 

1 



V 

9 

- 

10 

1 

1 

- 

- 

13.5 

- 

15 

1 

1 

- 

- 

Inputs High, 

V NMH Min - 

0.5 

- 

5 

1 

1 

- 

- 

1 

- 

10 

1 

1 

- 

- 

1.5 

- 

15 

1 

1 

- 

- 

Input Leakage 
Current, 

•lL. <IH Max - 

Any 

Input 

20 

±1 


±10' S 

±1 

pA 

3-State Output 
Leakage 
Current 

'OL- 'OH 

Max. 

F 

(C 

D 

0, 20 

orced 

)utput 

isablec 

1) 

20 

±2 


+10" 4 

±2 

pA 


f 

l 

H 

A 

MB 

1 

IEN1 

TEMPER 

ATURE IT, 

111 


u 



,230 


; 

■ 



uvfl 

i 


H 

<200 
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Fig. 8 — Typical propagation delay time 
( data to Qn) vs. load capacitance. 



LOAO CAPACITANCE (Cl)— pF 


92CS-Z4522 


Fig. 9 — Typical transition time vs. load 
capacitance. 



Fig. 10 — Typical dynamic power dissipation vs. 
address cycle time. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD4502B Types 


Features: 


COS/MOS Strobed Hex Inverter/Buffer 

High-Voltage Types (3-to-20-Volt Rating) 


The RCA-CD4502 consists of 6 inverter/buf- 
fers with 3-state outputs. When the DISABLE 
input is at logical "1" all six outputs become 
high impedance (> 10 ML2). This feature 
simplifies design by allowing common busing 
of the outputs. The INH IBIT input switches 
all six outputs to logical “0" when INHIBIT 
is at logical "1 

The CD4502B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, F, 
Y suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 

This device is similar to the MCI 4502. 


TRUTH TABLE 


DISABLE 

INHIBIT 

Dn 

Qn 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

X 

0 

1 

X 

X 

Z 


X = Don't Care 
Logic 1 = High 
Logic 0 = Low 
Z = High Impedance 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T st ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D,F,K,H ~55to+125°C 

PACKAGE TYPES E,Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, ( V DD ) 

(Voltages referenced to Vgg Terminal): —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (Pq): 

FOR T A =— 40 to +60° C (PACKAGE TYPES E,Y) 500 mW 

FOR T a =+60 to +85°C (PACKAGE TYPES E,Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A =— 55 to +100°C (PACKAGE TYPES D,F,K) 500 mW 

FOR T a =+100 to +1 25°C (PACKAGE TYPES D,F,K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A =FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


■ 2-TTL-Load Output-Drive Capability 

■ 3-State Outputs 

■ Common Output-Disable Control 

■ Inhibit Control 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 fi A at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ 3-State Hex Inverter for Interfacing IC's 
with Data Buses 

■ COS/MOS-to-TTL Hex Buffer 


THREE-STATE 



Vqd* 16 
VSS*8 


92CS — 2292IRI 

CD4502 

Functional Diagram 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For T A =Full Package- 
Temperature Range) 

3 

18 

V 


TEST CONDITIONS | 

TEST 

PIN 15 

POINT A 

T PHZ 

vss 

vss 

<PLZ 

VDD 

VDD 

*P2L 

VdD 

VDD 

l PZH 

Vss 

vss 


V DD 




Fig. 1 — Disable delay times test circuit and waveforms. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD4502B Types 


STATIC ELECTRICAL CHARACTERISTICS at T A =25°C 



CONDITIONS 

TYPICAL 

VALUES 


CHARACTERISTIC 

V 0 

(V) 

V| N 

(V) 

V DD 

(V) 

UNITS 


- 

- 

5 

0.01 


Quiescent Device Current, 1 j_ 

- 

- 

10 

0.01 

mA 

- 

- 

15 

0.01 


- 

- 

20 

0.02 


Output Voltage: 

- 

o, 5 

5 

0 


Low-Level, Vq|_ 

- 

0, 10 

10 

0 


- 

0, 15 

15 

0 

V 

High-Level, Vq|_j 

- 

0, 5 

5 

5 


- 

0, 10 

10 

10 



- 

0, 15 

15 

15 


Output Drive Current: 

0.4 

— 

5 

5.7 


N-Channel (Sink), IqN 

0.5 

- 

10 

12.5 


1.5 

— 

15 

49 

mA 


4.6 

- 

5 

-0.8 

P-Channel (Source), IqP 

2.5 

- 

5 

-3.2 


9.5 

- 

10 

-1.8 



13.5 

- 

15 

-6 


Input Leakage Current, ljj_, l|j_j 

Any Input 

20 

+10 -6 

pA 

3-State Output Leakage 


Forced 




Current, Iql* Iqh 

(Output Disabled) 




0, 20 

- 

20 

tier 4 

pA 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C; Input t r ,t f =20 ns, 
C L = 50 pF, R l = 200 KS2 


— 

CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 


V DD 

(V) 

Data or Inhibit Delay Times: 

High to Low, tp|_j 


5 

10 

15 

135 

60 

40 

ns 

Low to High, tp|_pj 


5 

10 

15 

200 

90 

65 

Disable Delay Times: 

Output High to High 
Impedance, tppj^ 

See Fig. 3 

5 

10 

15 

60 

40 

20 

ns 

High Impedance to Output 
High, t PZH 

5 

10 

15 

110 

50 

40 

Output Low to High 
Impedance, tp L ^ 

5 

10 

15 

125 

65 

55 

High Impedance to Output 
Low, tp^|_ 

5 

10 

15 

125 

55 

40 

Transition Times: 

Low to High, ty[_|_| 


5 

10 

15 

100 

50 

40 

ns 

High to Low, t-pj_|L 


5 

10 

15 

60 

30 

20 ! 

Average Input Capacitance, Cj 

Any Input 

5 

pF 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD4508B Types 


COS/MOS Dual 4-Bit Latch 

High-Voltage Types (3-to-20-Volt Rating) 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D. K. H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE. (V DD ) 

(Voltages referenced to Vgg Terminal) —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (Pq): 

FOR T a = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D. K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vqq +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s ma/ +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r ,tf = 20 ns, 
Cj_ = 50 pF, R|_ = 200 kS2, unless otherwise specified. 



92CS - 27494 


Fig. 1 — Functional diagram. 


Features: 

■ Two independent 4-bit latches 

■ Individual master reset for each 4-bit latch 

■ 3-state outputs with high-impedance state for bus 
line applications 

■ Medium-speed operation: tpm_ = tpLH = ns 
(typ.) at Vqq = 10 V and Cl = 50 pF 

Applications: 


CHARACTERISTIC 

TEST 


TYPICAL 

VALUES 

UNITS 

CONDITIONS 

vdd 



5 

100 


Transition Time, tjHL. *TLH 


10 

50 

ns 



15 

40 




5 

100 


Minimum Reset Pulse Width, tyy 


10 

50 

ns 



15 

40 




5 

70 


Minimum Strobe Pulse Width, tyy 


10 

35 

ns 



15 

20 




5 

25 


Minimum Setup Time, t$ 


10 

10 

ns 



15 

5 




5 

0 


Minimum Hold Time, tj-j 


10 

0 

ns 



15 

0 


Propagation Delay Time: tpHL* *PLH 


5 

10 

120 

60 

ns 

Strobe to Data Out 


15 

45 


3-State Propagation Delay Times: 

R l = 1 kfi 

5 

95 


Output High to High Impedance, tppj^ 

to Vss 

10 

70 

ns 



15 

60 



R|_ = 1 kfl 

5 

85 


High Impedance to Output High,tp£H 

to Vss 

10 

50 

ns 



15 

40 



Rl = i kn 

5 

95 


Output Low to High Impedance, tpLZ 

to Vqd 

10 

70 

ns 



15 

60 



Rl = 1 kfi 

5 

85 


Hijgh Impedance to Output Low, tp^L 

to Vdd 

10 

50 

ns 



15 

40 


Input Capacitance, C| 

Any Input 

- 

5 

pF 


■ Buffer storage 

■ Holding registers 

■ Data storage and multiplexing 


The RCA-CD4508B dual 4-bit latch contains 
two identical 4-bit latches with separate 
STROBE, RESET, and OUTPUT DISABLE 
controls. With the STROBE line in the high 
state, the data on the "D" inputs appear at 
the corresponding "Q" outputs provided the 
DISABLE line is in the low state. Changing 
the STROBE line to the low state locks the 
data into the latch. A high on the reset line 
forces the outputs to a low level regardless of 
the state of the STROBE input. The outputs 
are forced to the high-impedance state for 
bus line applications by a high level on the 
DISABLE input. 


The CD4508B types are supplied in the 24- 
lead dual-in-line ceramic packages (D suffix), 
24-lead dual-in-line plastic packages (E suf- 
fix), 24-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 

The CD4508 is similar to industry type 
MCI 4508. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD4508B Types 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C: 


CHARACTERISTIC 

CONDITIONS 

TYPICAL 

VALUES 

UNITS 

v 0 

(V) 

V|N 

(V) 

VdD 

(V) 

Quiescent Device Current, l|_ 

— 

_ 

5 

0.02 

HA 

E5 

- 

10 

0.02 

- 

- 

15 

0.02 

- 

- 

20 

0.04 

Output Voltage: 

Low-Level, Vq|_ 

- 

0,5 

5 

0 

V 

- 

0,10 

10 

0 

- 

0,15 

15 

0 

High-Level, Vqj_| 

- 

0,5 

5 

5 

- 

0,10 

10 

10 

- 

0,15 

15 

15 

Noise Immunity: 

Inputs Low, Vj\j |_ 

4.2 

- 

5 

2.25 

V 

9 

- 

10 

4.5 

13.5 

- 

15 

6.75 

Inputs High, ^NH 

0.8 

- 

5 

2.25 

1 

- 

10 

4.5 

1,5 

- 

15 

6.75 

Noise Margin: 

Inputs Low, V NML 

4.5 



5 

1 Min. 

I 

V 

9 

- 

10 

1 Min. 

13.5 

- 

15 

1 Min. 

Inputs High, V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

1.5 

- 

15 

1 Min. 

Output Drive Current: 

N -Channel (Sink) l D N 

0.4 

__ 

5 

0.8 

mA 

0.5 

- 

10 

1.8 

1.5 


15 

6 

P-Channel (Source), IqP 

4.6 

- 

5 

-0.8 

2.5 

- 

5 

-3.2 

9.5 

- 

10 

-1.8 

13.5 

- 

15 

-6 

Input Leakage Current, 

•lL- 1 1 H 

Any Input 

20 

+ 10 -5 

H A 

3-State Output 

Leakage Current, Iql* IqH 

Forced 

(Output 

Disabled) 



HA 

0,20 

- 

20 

tio -4 


TRUTH TA 

BLE 

RESET 

DISABLE 

STROBE 

D INPUT 

Q OUTPUT 

0 

0 

■||H| 

1 

1 

K 

0 

■H 1 

0 

0 

0 

0 

0 

mm 

LATCHED 

1 

0 

mm 

I 

0 

X 

1 

WM 

WM 

Z 


1 = HIGH LEVEL 
0 = LOW LEVEL 
X= DON'T CARE 


Z = HIGH IMPEDANCE 


OUTPUT DISABLE— 



►— 

t>° 




3 

L 

□ 

L_ 




□ 

rr~ 




h 


1/2 CD4506 
(ENABLED) 


1/2 CD4906 
(DISABLED) 



n 

□ 

rrr" 


□ 


nr 






rr 7 









3 


4 -BIT 
DATA 
BUS 


SELECT (LOW) 


92CS-2760T 


Fig. 3 - Typical application. 



V55 92CS-27606 

Fig.2 — Logic diagram , 1 of 4 identical latches. 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, 
For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range (For T ^ = Full Package 
Temperature Range 

3 

18 

V 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4510B, CD4516B Types 

COS/MOS Presettable Up/Down Counters 

CD4510B BCD Type CD4516B Binary Type 


High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4510 Presettable BCD Up/Down 
Counter and the CD4516 Presettable Binary 
Up/Down Counter consist of four synchron- 
ously clocked D-type flip-flops (with a gating 
structure to provide T-type flip-flop capa- 
bility) connected as counters. These counters 
can be cleared by a high level on the RESET 
line, and can be preset to any binary number 
present on the jam inputs by a high level on 
the PRESET ENABLE line. The CD4510 


will count out of non-BCD counter states in a 
maximum of two clock pulses in the up 
mode, and a maximum of four clock pulses 
in the down mode. 

If the CARRY-IN input is held low, the 
counter advances up or down on each 
positive-going clock transition. Synchronous 
cascading is accomplished by connecting all 
clock inputs in parallel and connecting the 
CARRY-OUT of a less significant stage to 


PRESET 



ENABLE 

l< 


PI — — 

P2 — — 

P3-i= 

3 

P4 

CLOCK — — 

UP/ DOWN — — 
5- 


— — Ql 

- — Q2 

Q3 

2 

Q4 

Vqd 1 16 

V SS= 8 

7 

CARRY IN C 


0 CARRY OUT 


I 9 





CD4510, CD4516 

FUNCTIONAL DIAGRAM 

92CS-24824 


the CARRY-IN of a more significant stage. 

The CD4510 and CD4516 can be cascaded in 
the ripple mode by connecting the CARRY- 
OUT to the clock of the next stage. If the 
UP/DOWN input changes during a terminal 
count, the CARRY-OUT must be gated with 
the clock, and the UP/DOWN input must 
change while the clock is high. This method 
provides a clean clock signal to the subse- 
quent counting stage. 

These devices are similar to types MC14510 
and MC14516. 

The CD4510B and CD4516B Series types 
are supplied in 16-lead hermetic dual-in-line 
ceramic packages (D, F, and Y suffixes), 16- 
lead dual-in-line plastic package (E suffix), 
and in chip form (H suffix). 

Features: 

■ Medium-speed operation — 
fCL = 8 MHz typ. at 10 V 

* Synchronous internal carry propagation 

■ Reset and Preset capability 

■ Quiescent current specified to 20 V 

■ Maximum input leakage current of IjuA 
at 20 V (full-package-temperature range) 

■ 1 V noise margin (full package-temperature 
range) 

■ Standard symmetrical output characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Up/Down difference counting 

■ Multistage synchronous counting 

■ Multistage ripple counting 

■ Synchronous frequency dividers 


TRUTH TABLE 


CL 

Cl 

U/D 

PE 

R 

ACTION 

X 

1 

X 

0 

0 

NO COUNT 

S 

0 

1 

0 

0 

COUNT UP 

I 

0 

0 

0 

0 

COUNT DOWN 

X 

X 

X 

1 

0 

PRESET 

X 

X 

x 

X 

1 

RESET 


X - DONT CARE 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE -65 to +150°C 

OPERATING TEMPERATURE RANGE: 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY VOLTAGE RANGE, V DD 

(Voltages referenced to V 55 Terminal) : —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE: 

FOR T a = -40 to +60°C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) ... Derate Linearly to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = Full Package-Temperature Range (All Package Types) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10s max +265°C 


PI Ql 


P3 Q3 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4510B, CD4516B Types 


OPERATING CONDITIONS AT T A = 25° C, Unless Otherwise Specified 

For maximum reliability , nominal operating conditions should be selected so that operation 
is always within the following ranges. 


Characteristic 

Q 

Q 

> 

Min. 

Max. 

Units 

Supply Voltage Range (AtT A = Full Package-Temperature Range) 


3 

18 

V 


5 

150 

— 


Clock Pulse Width, tyy 

10 

75 

- 

ns 


15 

60 

- 



5 

- 

2 


Clock Input Frequency, fQ(_ 

10 

- 

4 

MHz 


15 

_ 

5.5 



5 

150 

— 


Preset Enable or Reset Removal Time® 

10 

80 

— 

ns 


15 

60 

- 


Clock Rise and Fall Time, t r CL, tfCL* 

3-20 



15 

16 


5 

130 

— 


Carry-In Setup Time, tg 

10 

60 

- 

ns 


15 

45 

- 



5 

360 

— 


Up-Down Setup Time, tg 

10 

160 

- 

ns 


15 

110 

- 



5 

220 

— 


Preset Enable or Reset Pulse Width, tyy 

10 

100 

— 

ns 

15 

75 

- 



•Time required after the falling edge of the reset or preset enable inputs before the rising edge 
of the clock will trigger the counter (similar to setup time). 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, C L = 50 pF, 

Input t r , tf = 20 ns, R|_ = 200 k£2 



Condit- 


Limits 




ions 





Characteristic 

V DD 

(V) 

All Packages 

Units 


Min. 

Typ. 

Max. 


Propagation Delay Time (tpHL* tPLH^ 

5 

■ 

200 

M 


Clock-to-Q Output (See Fig. 10) 

10 


100 

mm 

ns 


15 

H 

75 

EH 



5 

■ 

210 

IB 


Preset or Reset-to-Q Output 

10 


105 

EB 

ns 


15 

1 

80 

160 



5 


EM 

KB 


Clock-to-Carry Out 

10 


mm 

KB 

ns 


15 

H 

m 

180 



5 


125 

250 


Carry- In-to-Carry Out 

10 

- 

60 

120 

ns 


15 

- 

50 

100 



5 

— 

320 

640 


Preset or Reset-to-Carry Out 

10 

— 

160 

320 

ns 


15 

- 

125 

250 



5 

- 

100 

200 


Transition Time (tj|_|j_, tj|_n) (See Fig. 9) 

10 

- 

50 

100 

ns 


15 

- 

40 

80 



5 

2 

4 

— 


Max. Clock Input Frequency {fcO 

10 

4 

8 

- 

MHz 


15 

5.5 

11 

- 


Average Input Capacitance (C|) (Any Input) 


- 

5 

- 

pF 


AMB 

B 

IENT T 

mm 

EMPERATUR 

E (T a )*25*C 

i 

fj 

1 

I 

M 

mS 


IlilHlilUjjti: 

:±t 

444.. 

iff 



■ 
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sa iiiiiiiiiiiii 
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O 20 40 60 80 100 

LOAD CAPACITANCE (C L )— pF 92CS-24322RI 

Fig. 9 - Typical transition time vs. load 
capacitance. 



Fig. 10 — Typical propagation delay time vs. load 
capacitance for clock-to-Q outputs. 

* If more than one unit is cascaded in the parallel clocked 
application, t r CL should be made less than or equal 
to the sum of the fixed propagation delay at 15 pF and 
the transition time of the carry output driving stage 
for the estimated capacitive load. 



Fig. 11 — Typical maximum dock input frequency 
vs. supply voltage. 



Fig. 12 — Typical dynamic power dissipation 
characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4510B, CD4516B Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits 

Values at -55°C. +25° C, + 125°C Apply to D.K.H 

Units 

<o< 

V|N 

(V) 

VDD 

(V) 

racKa 

Values a 

Packa 

ges 

-40° C, +25° C, 
ges 

f85°C Apply to E 
+25° 

-55° 

o 

O 

1 

+85° 

+125° 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, l[_ 
MAX 

_ 

— 

5 

5 

5 

50 

100 

__ 

0.02 

5 j 

pA 

- 

_ 

10 

10 

10 

100 

200 

- 

0.02 

10 

- 

- 

15 

20 

20 

200 

400 

- 

0.02 

20 

- 


20 

100 

100 

1000 

2000 

- 

0.04 

100 

Output Voltage: 
Low-Level, 

v OL 

MAX 


0,5 

5 

0.05 


0 

0.05 

V 

— 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

High-Level, 

v OH 

MIN 

— 

0,5 

5 

4.95 

4.95 

5 

_ 

V 

— 

0,10 

10 

9.95 

9.95 

10 

_ 


0,15 

15 

14.95 

14.95 

15 

- 

Noise Immunity: 
Inputs Low, 

V NL 

MIN 

4.2 


5 

1.5 

1.5 

2.25 


V 

9 

- 

10 

3 

3 

4.5 

_ 

13.5 


15 

4.5 

4.5 

6.75 

- 

Inputs High, 

V NH 

MIN 

0.8 


5 

1.5 

1.5 

2.25 

_ 

V 

1 

— 

10 

3 

3 

4.5 

_ 

1.5 

- 

15 

4.5 

4.5 

6.75 

- 

Noise Margin: 
Input Low, 

V NML 

MIN 

4.5 


5 

1 

1 



V 

9 

- 

10 

1 

1 

- 

- 

13.5 

- 

15 

1 

1 

- 

- 

Inputs High, 

V NMH 

MIN 

0.5 

- 

5 

1 

1 

- 

- 

V 

1 

- 

10 

1 

1 

- 

- 

1.5 

- 

15 

1 

1 

- 

— 

Output Drive 
Current: 

N-Channel 
(Sink), Iqn 
MIN 

(See Figs. 5,6) 

0.4 


5 

0.5 

0.45 

0.36 

0.3 

0.4 

0.8 


mA 

0.5 

- 

10 

1.1 

1 

0.75 

0.65 

0.9 

1.8 

— 

1.5 

- 

15 

3.3 

3.2 

2.5 

2.2 

3 

6 

- 

P-Channel 
(Source), IqP 
MIN 

(See Figs. 7, 8) 

4.6 

- 

5 

-0.5 

-0.45 

-0.36 

-0.3 

-0.4 

-0.8 


mA 

2.5 

- 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 


10 

-11 

-1 

-0.75 

-0.65 

-0.9 

-1.8 

— 

13.5 

- 

15 

-3.3 

-3.2 

-2.5 

-2.2 

-3 

-6 

- 

Input Leakage 
Current 
(Any Input) 

'IL- 'IH 
MAX 


20 

±1 


±10~ 5 

±1 

pA 


V DD 



Fig. 13 — Quiescent device current test circuit. 


V DD 



Fig. 14 — Noise immunity test circuit. 




92CM-270I2 


Fig. 15 — Power dissipation test circuit and input 
waveform. 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V DD ANDV SS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

VooWVgs 


92CS-27402 


Fig. 16 — Input leakage current. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4511B Types 


COS/MOS BCD-to-7-Segment Latch 

Decoder Drivers For MAXIMUM RATINGS see "Ratings and 


High-Voltage Types (3-to-20-Volt Rating) 


Characteristics." at the beginning of the COS/MOS 
section. 


The CD4511B types are BCD-to*7-segment up to 25 mA. This capability allows the 

latch decoder drivers constructed with COS/ CD4511B types to drive LED's and other 

MOS logic and n-p-n bipolar transistor out- displays directly. 

put devices on a single monolithic structure. Lamp Test (LT), Blanking (Bl), and Latch 

These devices combine the low quiescent Enable (LE) inputs are provided to test the 

power dissipation and high noise immunity display, shut off or intensify-modulate it, 

features of RCA COS/MOS with n-p-n bi- and store a BCD code, respectively. Several 

polar output transistors capable of sourcing different signals may be multiplexed and 


STATIC ELECTRICAL CHARACTERISTICS 



displayed when external multiplexing cir- 
cuitry is used. The CD4511B is supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D, F, and Y suffixes), 16-lead dual-in- 
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). For ordering information, 
see dimensional outline page 12. 

These devices are similar to the type 
MC14511. 


BCD 7-SEGMENT 



V 0 q *'6 


CD4511 Functional Diagram 



92CS- 25087 


Features: 

■ High-output-sourcing capability 

up to 25 mA 

■ Input latches for BCD Code storage 

■ Lamp Test and Blanking capability 

■ 7-segment outputs blanked for BCD input 
codes > 1001 

■ Quiescent current specified to 20 V 

■ Max. input leakage of 1 fji A at 20 V, 
full package-temperature range 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Driving common-cathode LED displays 

■ Multiplexing with common-cathode LED 
displays 

■ Driving incandescent displays 

■ Driving low-voltage fluorescent displays 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4511B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r , t f = 20 ns, 
C L = 50 pF, R L = 200 k ft 


CHARACTERISTIC 

Test 

Conditions 

LIMITS 

All Packages 

UNITS 

V DD 

Volts 

Min. 

Typ. 

Max. 

Propagation Delay Time: 

5 

- 

520 

1040 


(Data) 

10 

- 

210 

420 

ns 

High-to-Low Level, tpj_| 

15 

- 

150 

300 



5 

- 

660 

1320 


Low-to-High Level, tpm 

10 

- 

260 

520 

ns 


15 

- 

180 

360 


Propagation Delay Time: 

5 

- 

350 

700 


(BL) 

10 

- 

175 

350 

ns 

High-to-Low Level, t pj_| |_ 

15 

- 

125 

250 



5 

- 

400 

800 


Low-to-High Level, tp|_|_| 

10 

- 

175 

350 

ns 


15 

- 

150 

300 


Propagation Delay Time: 

5 

- 

250 

500 


(LT) 

10 

- 

125 

250 

ns 

High-to-Low Level, t pj_u_ 

15 

- 

85 

170 



5 

- 

150 

300 


Low-to-High Level, tp|_|_j 

10 

- 

75 

150 

ns 


15 


50 

100 


Transition Time: 

5 

- 

40 

100 



10 

- 

30 

75 

ns 

Low-to-High Level, tj|_p| 

15 

- 

25 

65 



5 

- 

125 

310 



10 

- 

75 

185 

ns 

High-to-Low Level, tjpj^ 

15 

- 

65 

160 



5 

150 

75 

— 


Minimum Set-Up Time, t<j 

10 

70 

35 

- 

ns 


15 

40 

20 

- 



5 

0 

-75 

- 


Minimum Hold Time, tpj 

10 

0 

-35 

- 

ns 


15 

0 

-20 

- 


Latch Enable 

5 

400 

200 

- 


Pulse Width, tyy 

10 

160 

80 

- 

ns 


15 

100 

50 



Average Input Capacitance 






(Any Input), C| 


- 

5 

- 

pF 


TRUTH TABLE 



X = Don't Care 'Depends on BCD code previously 

applied when LE = 0 

Note: Display is blank for all illegal input codes (BCD > 1001). 



OPERATING CONDITIONS AT T A = 25°C Unless Otherwise Specified 


For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges 


Characteristic 

V DD 

Min. 

Max. 

Units 

Supply-Voltage Range (T A ): 

(Full Package-Temperature Range) 

- 

3 

18 

V 

Set-Up Time (tg) 

5 

150 

- 

ns 

10 

70 

- 

ns 

15 

40 

- 

ns 

Hold Time (t H ) 

5 

0 

- 

ns 

10 

0 

- 

ns 

15 

0 

- 

ns 

Latch Enable 

Pulse Width (tyy) 

5 

400 

- 

ns 

10 

160 

- 

ns 

15 

100 

- 

ns 



Fig. 1 — Dynamic waveforms. 
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OUTPUT SOURCE CURRENT { Iqh) — mA ] >1 PROPAGATION DELAY TIME (♦, 


COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4511B Types 



I TG - 

J_-?h 

p _r 

— TG - 1 

N 



rijl 

Tc" 


N 

T 

^°|V 


1 T G h 

! N I 



P 

1 

N 

TU 

. r 



nh 

TG - 

> N 

i : 


p 

TG 


N 

_r 






vSSdrivERS 


Fig. 2 — Logic diagram. 


*ALL INPUTS A 

PROTECTED BY * 

COS/MOS v« 

PROTECTION 

NETWORK 92 cl- 27075 


AMBIENT TEMPERATURE (T A )«25*CI( 


■voltage (Vpo^F 


AMBIENT TEMPERATURE (T A 

)«25*C p: 


_4_ 



F- 

-Z 



FT 


it- 

-4: 

Xt- 


zzti 

:x 

P:: 

; + 



50 75 KX) 

LOAD CAPACITANCE (Cl ) — pF 92CS-27078 

- Typical data-to-output, high-to-low-ievel 
propagation delay time as a function of 
load capacitance. 


SKSSSSSrSSpiSSHSfR!!!? 

H»ssss^:;*ifis:8 

■■■■ 


■■■■■■■■■■■■■I 
■■■■■■■■■■■■■I 
■■■■■■■■■■■■■I 
■■■■■■■■■■■■■I 
i— ■■■■■■■■ B 


AMBIENT TEMPERATURE ( 


LOAD CAPACITANCE (C L )~pF 92CS-27079 

Fig. 6 — Typical low-to-high-level transition time as 
a function of toad capacitance. 

pqh * 50 mw mo* »Iqh t v DO"'toH):: : in:: i z i : 1 1 ; ::: 

< ------- — — ■--- — 

e :_:p 






■■■■■ ■■■■■■■■■■■■■■■■■■■! 



SUPPLY VOLTAGE -OUTPUT DRIVE VOLTAGE (Vqo-Voh)-V 

92CS- 27081 

Fig. 8 - Typical voltage drop (Vpp to output) vs. 
output source current as a function of 
supply. 


SUPPLY VOLTAGE I V D0 )—V 

92CS-27IOO 

Maximum continuous derated output current Iq H 
applies to a single output with all other outputs 
sourcing an equal amount of current at the supply 
voltages shown. Operation above the derating 
curve is not recommended. 

Fig 9 -Derated static output current per output at 
T A = 125 ° c (Package types D, F, K) 
and at T^ = 85 C (package types E, Y). 


TYPICAL CHARACTERISTICS CURVES 


AMBIENT TEMPERATURE ( Ta )«25°C I 

I I II HI !!I 1 I I I 1 TTTTTTTTTTTTTT 


t GATE -TO- SOURCE VOLTAGE T 
J V GS -I5V 4 


DR AIN-TO - SOURCE VOLTAGE ( V 0S )— V 92C S 

Fig. 3 — Typical output N -channel drain 
charac ten sties. 

BlfBa 


I ffffl 11111111 1 j+RAMBIENT TEMPERATURE (T A )«25 *c| 
0 25 50 75 100 

LOAD CAPACITANCE (C L >~PF 92CS-27077 

Fig. 4 — Typical data-to-output, low-to-high-level 
propagation delay time as a function of 
load capacitance. 


AMBIENT TEMPERATURE (T A )»25*C 3 



LOAD CAPACITANCE (C L >-PF 92CS - 270 80 

Fig. 7 — Typical high-to-low transition time as a 
function of load capacitance. 




2 4 6 8' 4 6 8 ' ( 

FREQuSlCY (fl-k'ffz 


I0 2 ‘ 
92CS-27082 


Fig 10 - Typical dynamic power dissipation 
characteristics. 










COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4511B Types 



v ss 


Quiescent Device Current (\y) 
is measured in all states shown 
in Truth Table, Fig. 2. 

Fig. 11 — Quiescent Device Current. 


TEST CIRCUITS 



Inputs, B, C, LT, Bl, LE, D, A are 
switched as shown in Truth Table, 
Fig. 2. Outputs a-f are tested for 
Vq. Inputs are switched between 
V NL and (V DD -V NH ). 

Fig. 12 - Noise Immunity 



Fig. 13 — Input Leakage current. 



MEASURE OUTPUT d FOR 1 p LH 

MEASURE OUTPUT g FORt PHL 92CS-27088 


Fig. 14 — Data propagation delay. 



Vss 


Fig. 15 — Dynamic power dissipation. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4514B, CD4515B Types 


COS/MOS 4-Bit Latch/4-to-16 
Line Decoders 

High-Voltage Types (3-to-20-Volt Rating) 

CD4514B Output "High" on Select 
CD4515B Output "Low" on Select 


The RCA-CD4514B and -CD4515B consist 
of a 4-bit strobed latch and a 4-to- 16-line 
decoder. The latches hold the last input data 
presented prior to the strobe transition from 
1 to 0. Inhibit control allows all outputs to 
be placed at 0(CD4514B) or KCD4515B) 
regardless of the state of the data or strobe 
inputs. 

The decode truth table indicates all combi- 


nations of data inputs and appropriate se- 
lected outputs. 

These devices are similar to industry types 
MC14514 and MC14515. 

The CD4514B and CD4515B types are sup- 
plied in 24-lead hermetic dual-in-line ceramic 
packages (D suffix), 24-lead dual-in-line plas- 
tic packages (E suffix), 24-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, K, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V$s Terminal): —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T a = -40 to +60°C (PACKAGE TYPE E) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D,K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D,K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265 C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For 1 ^ = Full Package- 


3 

18 

v 

Temperature Range) 





5 

250 

MM 


Data Setup Time, tg 

10 

100 

1 

ns 


15 

75 

upb 



5 

350 

_ 


Strobe Pulse Width, tyy 

10 

100 

— 

ns 


15 

75 

- 




92CS-243I8R2 

Fig. 2 — Typical output-n-channel drain 
characteristics. 



92CS-243I9 

Fig. 3— Minimum output-n-channel drain 
characteristics. 



92CS- 24597 


CD4514B, CD4515B 
FUNCTIONAL DIAGRAM 


Features: 

■ Strobed input latch 

■ Inhibit control 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 juA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Digital multiplexing 

■ Address decoding 

■ Hexadecimal/BCD decoding 

■ Program-counter decoding 

■ Control decoder 



t r ,t f *20 ns 


tS (MIN) 


STROBE 



tyy (MIN) 

50 % 


92CS-24598RI 


Fig . 1 — Waveforms for setup time and 
strobe pulse width. 


DECODE TRUTH TABLE (Strobe = 1) 


INHIBIT 

DATA INPUTS 

SELECTED OUTPUT 

B 

B 

B 

B 

CD4S14B - Logic 1 (High) 
CD4515B = Logic 0 (Low) 

0 

H 

0 

0 

fl 

SO 

0 

P 

0 

0 

P 

Si 

0 

D 

0 

1 

P 

S2 

0 

P 

0 

1 

Kfl 

S3 

0 

0 

p 

0 

a 

S4 

0 

0 

p 

0 

1 

S5 

0 

0 

p 

1 

0 

S6 

0 

0 

D 

1 

i 

S7 

0 

1 

0 

0 

0 

S8 

0 

1 

0 

0 

i 

S9 

0 

1 

0 

1 

0 

S10 

0 

1 

0 

1 

1 

S11 

0 

n 

1 

a 

a 

S12 

0 

p 

1 

P 

i 

S13 

0 

P 

1 

P 

0 

SI 4 


n 

1 

a 

i 

S15 

1 

X 

X 

X 

X 

All Outputs = 0, CD4514B 
All Outputs = 1, CD4515B 


X = Don't Care Logic 1 - high Logic 0 = low 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4514B, CD4515B Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Values at —55+25,+ 125 Apply to D,K,H Packages 
Values at -40, +25, +85 Apply to E Package 

Units 


Vo 

V| N 

VdD 

—55 

-40 

+85 

+125 

+25 



<V) 

(V) 

(V) 

Min. 

Typ. 

Max. 



- 

- 

5 

5 

5 

50 

100 

- 

0.02 

5 


Quiescent Device 

- 


10 

10 

10 

100 

200 

— 

0.02 

10 

pA 

Current, II Max. 

— 

— 

15 

20 

20 

200 

400 

— 

0.02 

20 


— 

- 

20 

100 

100 

1000 

2000 

— 

0.04 

100 


Output Drive 
Current: 

0.4 


5 

0.5 

0.45 

0.36 

0.3 

0.4 

0.8 

- 


n-Channel 

(Sink), 

IqN Min. 

0.5 

- 

10 

1.1 

1 

0.75 

0.65 

0.9 

1.8 

— 


1.5 

- 

15 

3.3 

3.2 

2.5 

2.2 

3 

6 

- 

mA 

p-Channel 

(Source), 

IqP Min. 

4.6 

- 

5 

-0.5 

-0.45 

-0.36 

-0.3 

-0.4 

-0.8 

— 

2.5 

— 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

— 


9.5 

- 

10 

-1.1 

-1 

-0.75 

-0.65 

-0.9 

-1.8 

- 


13.5 

- 

15 

-3.3 

-3.2 

-2.5 

-2.2 

-3 

-6 

- 


Output Voltage: 

- 

0,5 

5 

0.05 

— 

0 

0.05 


Low-Level, 

- 

0,10 

10 

0.05 

- 

0 

0.05 


Vql Max- 

- 

0,15 

15 

0.05 

- 

0 

0.05 

\j 

High Level, 

Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

— 


- 

J!Bi| 

10 

9.95 

9.95 

mm 

- 


— 

0,15 

15 

14.95 

14.95 

mm 

— 


Noise Immunity: 
Inputs Low, 

m 

- 

5 

1.5 

1.5 

B3EE1 

- 


9 

— 

10 

3 

3 

ra 

— 


V|\|i_ Min. 


— 


4.5 

mm 

6.75 

- 

V 

Inputs High. 

Vjyj|_j Min. 

KH 

- 

5 

1.5 

1.5 

2.25 

- 


1 

- 

na 

3 

3 

4.5 

— 


KO 

- 

m 

4.5 

mm 


- 


Noise Margin: 
Inputs Low, 

na 

- 

5 

1 

i 

- 

- 


9 

_ 

10 

1 

i 

- 

— 


VnML Min. 


— 

15 

1 

i 

— 

— 

V 

Inputs High, 
V NMH Min. 

rm 

— 
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1 

i 

_ 

_ 


i 

— 

10 

1 

i 

— 

— 


m 

— 

15 

1 

i 

_ 

— 


Input Leakage 
Current, 
l|L, l|H Max. 

Any Input 
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- 
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±1 
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0 20 40 60 00 100 120 

LOAD CAPACITANCE (Cl>~ pF 

92CS- 24546 


Fig. 4 — Typical strobe or data propagation delay 
time vs. load capacitance. 



Fig. 5 — Typical inhibit propagation delay time 
vs. load capacitance. 



LOAD CAPACITANCE (C L >-pF 

92CS-24322 

Fig. 6 — Typical low-to-high transition time vs. 
load capacitance. 


DRAIN -TO -SOURCE VOLTAGE ( V DS ) — V ‘ 



Fig. 7 — Typical output-p-channe / drain 
characteristics. 


DRAIN- TO -SOURCE VOLTAGE (V os )-v 



Fig. 8 — Minimum output-p-channe! drain 
charac teristics. 



Fig. 9 - Typical strobe or data propagation delay 
time vs. supply voltage. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4514B, CD4515B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r , tf = 20 ns, 
C L = 50 pF, R l = 200 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


VDD 

V 

Typ. 

Max. 

Propagation Delay Time: tppu_, tpLH 
Strobe or Data 


5 

10 

15 

550 

225 

165 

1100 

450 

330 

ns 

Inhibit 


5 

10 

15 

400 

150 

125 

800 

300 

250 

Transition Time, tj^pi, tjpjL 


5 

10 

15 

100 

50 

40 

200 

100 

80 

Minimum Strobe Pulse Width, tyy 


5 

10 

15 

175 

50 

40 

350 

100 

75 

ns 

Minimum Data Setup Time, tg 


5 

10 

15 

125 

50 

40 

250 

100 

75 

ns 

Average Input Capacitance, C| 

Any Input 

- 

5 

- 

pF 



92CS- 24553 


Fig. 10 — Typical power dissipation vs. frequency. 




COS/MOS 

PROTECTION NETWORK 
92CL- 23770R2 

Fig. 13 — Logic diagram for CD4514B and CD4515B. 


Fig. 11 — Quiescent device current test circuit. 


i 

q. 


r 


\ NOTE 

V SS TEST ANY COMBINATION 


92CS-2M4I 


Fig. 12 — Noise immunity test circuit. 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V DD ANOV S s 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

v dd 0R v ss: 


92CS- 27402 


Fig. 14 — Input leakage current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4518B, CD4520B Types 
COS/MOS Dual Up-Counters 

High-Voltage Types (3-to-20-Volt Rating) 


TRUTH TABLE 


CD4518B Dual BCD Up-Counter 
CD4520B Dual Binary Up-Counter 

The RCA-CD4518 Dual BCD Up-Counter 
and CD4520 Dual Binary Up-Counter each 
consist of two identical, internally synchro- 
nous 4-stage counters. The counter stages are 
D-type flip-flops having interchangeable 
CLOCK and ENABLE lines for incrementing 
on either the positive-going or negative-going 
transition. For single-unit operation the 
ENABLE input is maintained high and the 
counter advances on each positive-going 
transition of the CLOCK. The counters are 
cleared by high levels on their RESET lines. 

The counter can be cascaded in the ripple 
mode by connecting Q4 to the enable input 
of the subsequent counter while the CLOCK 
input of the latter is held low. 


CLOCK 

ENABLE 

RESET 

ACTION 

J~ 

1 

0 

Increment Counter 

0 


0 

Increment Counter 


X 

0 

No Change 

X 


0 

No Change 

-T 

0 

0 

No Change 

1 


0 

No Change 

X 

X 

1 

Q1 thru Q4 = 0 


X = Don't Care 


1 = High State 


0 = Low State 


The CD4518B and CD4520B types are sup- 
plied in 16-lead hermetic dual-in-line ceramic 
packages (D, F, and Y suffixes), 16-lead du- 
al-in-line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 




CLOCK A 
I 


2 

ENABLE A 


RESET A 

7 




+ , %6 


H-QSA 

Kaa 


CLOCK B 

9 

10 

ENABLE B 




RESET B 
15 


+, %< 


Q3B 
[14-Q4B 
Vq D * 16 
V SS X ® 

92CS— 24506RI 


CD4518, CD4520 
FUNCTIONAL DIAGRAM 


Features: 

■ Medium-speed operation — 

6-MHz typical clock frequency at 10 V 

■ Positive- or negative-edge triggering 

■ Synchronous internal carry propagation 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 fiA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15- V parametric ratings 

Applications: 

■ Multistage synchronous counting 

■ Multistage ripple counting 

■ Frequency dividers 



Fig. 3— Typical output-N-channel 
drain characteristics. 



Fig. 4— Minimum output-N-channel 
drain characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4518B, CD4520B Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T^) -66 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal): -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 

STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 



Limits at Indicated Temperatures (°C) 

Values at -55, +25,+ 125 Apply to D,K,F,H Packages 
Values at —40, +25, +85 Apply to E,Y Packages 

Units 

So 

V|N 

(V) 

V DD 

(V) 

—55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, l|_ Max. | 

- 

- 

5 

5 

5 

50 

100 

— 

0.02 

5 

|UA 

- 

- 

10 

10 

10 

100 

200 

- 

0.02 

10 

- 

- 

15 

20 

20 

200 

400 

- 

0.02 

20 

- 

- 

KM 


100 

1000 

2000 

— 

0.04 

100 

Output Voltage: 
Low-Level, 

Vql Max. 


0,5 

5 

0.05 


0 

0.05 

V 

- 

0, 10 

10 

0.05 

— 

0 

0.05 

- 

0, 15 

15 

0.05 

- 

0 

0.05 

High Level, 

Vqh Min. 

— 

DEI 

5 

4.95 

4.95 

5 

_ 

- 

0, 10 

10 

9.95 

9.95 

10 

- 

_ 

EJKE 

15 

14.95 


15 

_ 

Noise Immunity : 
Inputs Low, 

Vjsj l Min * 

EH 


5 

1.5 

1.5 

2.25 


V 

9 

- 

10 

3 

3 

4.5 

- 

13.5 

- 

15 

4.5 

4.5 

6.75 

- 

Inputs High. 

V NH Min. 

0.8 

- 

5 

1.5 

1.5 

2.25 

— 

1 

- 

10 

3 

3 

4.5 

- 

1.5 

- 

15 

4.5 

4.5 

6.75 

- 

Noise Margin : 
Inputs Low, 
V NML Min - 

4.5 



5 

1 

1 





V 

9 

— 

10 

1 

1 

— 

— 

13.5 

- 

15 

1 

1 

— 

— 

Inputs High, 
V NMH Min - 

0.5 

- 

5 

1 

1 

- 

- 

1 

- 

10 

1 

1 

- 

- 

1.5 

- 

15 

1 

1 

- 

- 

Output Drive 
Current: 
N-Channel 
(Sink), 

l D N Min. 

0.4 


5 

0.5 

0.45 

0.36 

0.3 

0.4 

0.8 


mA 

0.5 

- 

10 

1.1 

1 

0.75 

0.65 

0.9 

1.8 

- 

1.5 

- 

15 

3.3 

3.2 

2.5 

2.2 

3 

6 

- 

P-Channel 

(Source), 

l D P Min. 

4.6 

- 

5 

-0.5 

-0.45 

-0.36 

-0.3 

-0.4 

-0.8 

- 

2.5 

- 

5 

-2 

-1.8 

-1.3 

-1.15 

-1 .6 

-3.2 

- 

9.5 

- 

10 

-1.1 

-1 

-0.75 

-0.65 

-0.9 

-1.8 

- 

13.5 

- 

15 

-3.3 

-3.2 

-2.5 

-2.2 

-3 

-6 

- 

Input Leakage 
Current, 

'lL- 'lH Max - 

• n 

Any Input 

20 

±1 

- 

±10~ 5 

±1 

juA 


DRAIN - TO - SOURCE VOLTAGE (V 0S )~V| 



Fig. 5— Typical output-P-channel 
drain characteristics. 


DRAIN- TO -SOURCE VOLTAGE (V DS )-V 



Fig. 6— Minimum output-P-channel 
drain characteristics. 



Fig. 7— Typical power dissipation characteristics. 

V DD 



Fig. 8— Dynamic power-dissipation test circuit. 



Fig. 9— Quiescent-device-current test circuit. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4518B, CD4520B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A -25°C; 
Input t r ,tf=*20 ns, Cj_=50 pF, R|_=200 Kfi 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 



V DD 







V 

Min. 

Typ. 

Max. 


Propagation Delay Time, tpni_, t PLH : 


5 

- 

280 

560 


Reset to Output 


10 

— 

115 

230 



15 

— 

80 

160 

ns 



5 

— 

330 

650 

Clock or Enable to Output 


10 

- 

130 

225 




15 

- 

90 

170 




5 

- 

100 

200 


Transition Time, t-pj_H 


10 

- 

50 

100 

ns 


15 

- 

40 

80 


f ' 


5 

1.5 

3 

- 


Maximum Clock Input Frequency, f£[_ 


10 

3 

6 

- 

MHz 


15 

4 

8 

- 




5 

— 

100 

200 


Minimum Clock Pulse Width, tyy 


10 

- 

50 

100 

ns 


15 

- 

35 

70 


Clock Rise or Fall Time, t r or tf : 


5,10 



15 



15 

— 

— 

5 

/is 



5 

— 

125 

250 


Minimum Reset Pulse Width, tyy 


10 

- 

55 

110 

ns 


15 

- 

40 

80 




5 

- 

200 

400 


Minimum Enable Pulse Width, tyy 


10 

- 

100 

200 

ns 


15 

- 

70 

140 


Average Input Capacitance, Cj 

Any Input 

- 

- 

5 

- 

pF 



Fig. 1 0— Typical transition time vs. load capacitance. 



Fig. 1 1 — Typical maximum-clock-frequency 
vs. supply voltage. 




NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V 0D ANO V ss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
v dd orv ss . 


92CS-27402 


Fig. 12 — Noise-immunity test 
circuit. 


Fig. 13 — Input-leakage-current 
circuit. 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

LIMITS 

UNITS 


(V) 

Min. 

Max. 


Supply-Voltage Range (For T A =Full Package- 
Temperature Range) 


3 

18 

V 


5 

400 

- 


Enable Pulse Width, tyy 

10 

200 

- 

ns 

15 

140 

- 



5 

200 

- 


Clock Pulse Width, tyy 

10 

100 

- 

ns 

15 

70 

- 



5 


1.5 


Clock Input Frequency, f 

10 

dc 

3 

MHz 


15 


4 


i 

Clock Rise or Fall Time, t r CL or tfCL: 

5,10 

15 

- 

15 

5 

MS 


5 

250 

- 


Reset Pulse Width, tyy 

10 

110 

- 

ns 

15 

80 

- 




Fig. 14— Timing diagrams for CD4518 and CD4520 



Fig. 15— Typical propagation delay vs. load 

capacitance (clock or enable to output). 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD4527B Types 

COS/MOS BCD Rate Multiplier 

High-Voltage Types (3-to-20-Volt Rating) 


BCD 

RATE 

SELECT 

INPUTS 


(Clock Rate) 


f°, 

LO.oc 




The RCA-CD4527 is a low-power 4-bit digital 
rate multiplier that provides an output-pulse 
rate which is the clock-input-pulse rate multi- 
plied by 1/10 times the BCD input. For ex- 
ample, when the BCD input is 8, there will be 
8 output pulses for every 10 input pulses. 
This device may be used to perform arith- 
metic operations (add, subtract, divide, raise 
to a power), solve algebraic and differential 
equations, generate natural logarithms and 
trigonometric functions, A/D and D/A con- 
version, and frequency division. 

For fractional multipliers with more than 
one digit, CD4527 devices may be cascaded 
in two different modes: the Add mode and 
the Multiply mode. See Figs. 2 and 3. In the 
Add mode. 

Output Rate = 

BCD-j + 0.01 BCD2 - 
1.001 BCD3 + 

In the Multiply mode, the fraction program- 
med into the first rate multiplier is multiplied 
by the fraction programmed into the second 
one, 

9 4 36 __ 

e.g. — x — = or 36 output 

10 10 100 

pulses for every 100 clock input pulses. 

The CD4527B types are supplied in 16-lead 
ceramic dual-in-line packages (D, F, and V 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Applications: 

■ Numerical control 

■ Instrumentation 

■ Digital filtering 

■ Frequency synthesis 

■ For further application information, see 
ICAN-6739 "COS/MOS Rate Multipliers - 
Versatile Circuits for Synthesizing Digital 
Functions". 


Features: 

■ Cascadable in multiples of 4-bits 

■ Set to "9" input and "9" detect output 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 /iA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15-V parametric ratings 



CD4527 

Functional Diagram 


< T stg> 


-65 to +150°C 

-55 to +125°C 
-40 to +85°C 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE 
OPERATING-TEMPERATURE RANGE 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPES E, Y 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal): —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +1 25°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 



9ZCL- 249I8RI 


Fig. 1 - Logic diagram. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD4527B Types 


RECOMMENDED OPERATING CONDITIONS AT T A = 25°C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 

V D D 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range (For T A = Full Package- 
Temperature Range) 


3 

18 

V 

Clock Rise or Fall Time, t r C|_ or tfCL: 

5,10,15 

- 

15 

Ats 


CLOCK O- 


DRM 

A 


B 

OUT 

C 

OUT 

D 

INH 

CLOCK 

OUT 

CASC. 


INH.IN 

“ 9 " 

ST 


CLEAR 

S 



A DRM 
A 


8 

OUT 

C 

5UT 

D 

INH 

CLOCK 

CASC 

INH.IN 

OUT 

„ g .. 

ST 

CLEAR 

S 




Fig. 2 — Two CD 4527 's cascaded in the " Multiply " 
mode with a preset number 


of 36 


(L X ±.JL^ 

\10 10 100 ) 


STATIC ELECTRICAL CHARACTERISTICS at T A - 25°C 


Characteristic 


Conditions 

TYP. 

Units 



V 0 

V|N 

V DD 

VALUES 




(V) 

(V) 

(V) 





- 

- 

5 

0.02 


Quiescent Device Current, 

'L 

- 

- 

10 

0.02 

mA 



- 

- 

15 

0.02 



- 

- 

20 

0.04 


Output Voltage: 

Low- Level, 


- 

0,5 

5 

0 


v OL 

- 

0,10 

10 

0 


- 

0,15 

15 

0 

V 



- 

0,5 

5 

5 

High Level, 

X 

o 

> 

- 

0,10 

10 

10 




- 

0,15 

15 

15 


Noise Immunity: 

Inputs Low, 


4.2 

- 

5 

2.25 


v NL 

9 

- 

10 

4.5 


13.5 

- 

15 

6.75 

V 



0.8 

- 

5 

2.25 


Inputs High, 

X 

Z 

> 

1 

- 

10 

4.5 




1.5 

- 

15 

6.75 


Noise Margin: 


4.5 

- 

5 

1 Min. 


Inputs Low, 

V NML 

9 

- 

10 

1 Min. 


13.5 

- 

15 

1 Min. 

V 



0.5 

— 

5 

1 Min. 


Inputs High, 

V NMH 

1 

- 

10 

1 Min. 




1.5 

- 

15 

1 Min. 


Output Drive Current: 
N-Channel (Sink), 


0.4 

- 

5 

0.8 


i d n 

0.5 

- 

10 

1.8 


1.5 

- 

15 

6 




4.6 

- 

5 

-0.8 

mA 

P-Channel (Source), 

1 ~P 

2.5 

- 

5 

—3.2 


'D r 

9.5 

- 

10 

-1.8 




13.5 

- 

15 

-6 


Input Leakage Current, 

*IL' ‘lH 

Any Input 

20 

+10~ 5 

i 

mA 


01 2345678901234 

niuinnjuuuuijuijinji 

JITLJIJAJIJL 

— n n n_ 

n__n_ 


j 


JT 


_ji n n 


aliajajajatl 

u u LT 


OUTPUT (PIN 6) 
A ENABLED 


A 


A 


A 


A 


A 


EN4BLED _AJI TUT FUl 

EN4BLED JUAJLAflM-ATlJin 


If 


OUPUT (PIN 6) 
(PRESET No OF I) 


A 


4 - 


A 


(PRESET No OF 2) __n n_j tl 


IPRS S£T NO OF 3, f|_J| f ]_| f | _fl_ 


iPRssFT no of o, n n n ri n n 

,prese7no ° F5 ’ n nn n n n n 

,EBEsETNo0F6, -Aiui nrui ruin 

b£setn “ ° F7 ' nnnn nnn nnnn 

, ' eset n ° of ei AUliLARJAJlflfUL 
‘-“ ese7n<> ° F91 JUUUUUmilAAJUUL 

l 

| 92CM-249I5 


Fig. 3 — Timing diagram (See Logic Diagram). 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD4527B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, C L = 50 pF, Input t r ,t f * 20 ns f 
R L = 200ka 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL VALUES 

UNITS 


V DD 




(V) 



Propagation Delay Time: 

5 

180 


Clock to "Out", 

10 

90 


tpHL- tPLH 

15 

65 

ns 

Clock to "Inhibit Out" 

5 

10 

15 

260 

130 

100 


t PHL' tPLH 


Transition Time 

t THL’ t_ rLH 

5 

10 

15 

100 

50 

40 

ns 

Maximum Clock Input 
Frequency, fcL(Max.) 

5 

10 

15 

2 

4.5 

5.5 

MHz 


MOST SIGNIFICANT 
DIGIT 


CLOCkQ— 


A DRM 

© 

B 

OUT 

C 

OUT 

D 

CLOCK 

CASC- 

INH 

OUT 

INH.IN 

.. g .. 

ST 

CLEAR 

S 


TT 


LEAST SIGNIFICANT 
DIGIT 


u 


a DRM 

A 

© 

B 

OUT 

C 

OUT 

D 

INH- 

CLOCK 

OUT 

CASC. 


INH. IN 

”9" 

ST 


CLEAR 

S 




TRUTH TABLE 


O I 234 5 6 7890 I 234567890 
CLOCK juuiruirumnjuij^^ 

o° R u M T g>Juuuuinnm_jui^ 

TIMING DIAGRAM SHOWING ONE OF FOUR OUTPUT f 
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Fig. 4 - 


Two CD4527's cascaded in the ", Add " mode 
with a preset number 

of94(L+- L=i±\. 

\10 100 100 ) 


* Output same as the first 1 6 lines of this truth table {depending on values of A, B, C, D). 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4532B Types 

COS/MOS 8-Bit Priority Encoder 


High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4532 consists of combination- 
al logic that encodes the highest priority 
input (D7-D0) to a 3-bit binary code. The 
eight inputs, D7 through DO, each have an 
assigned priority; D7 is the highest priority 
and DO is the lowest. The priority encoder is 
inhibited when the chip-enable input Ej is 
low. When Ej is high, the binary representa- 
tion of the highest-priority input appears on 
output lines Q2-Q0, and the group select 
line GS is high to indicate that priority inputs 
are present. The enable-out (Eq) is high 


when no priority inputs are present. If any 
one input is high, Eq is low and all cascaded 
lower-order stages are disabled. 

The CD4532B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, F, 
and Y suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix), and in chip form (H suf- 
fix). 

This device is similar to type MC14532. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -66 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125 °C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal): —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FOR T a = +60 to +85 °C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a =+100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


TRUTH TABLE 
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X = Don't Care Logic 1 = High Logic 0 = Low 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating condi- 
tions should be selected so that operation is always 
within the following ranges. 


Characteristic 

Min. 

Max. 

Units 

Supply Voltage 
Range (for T A = 

Full Package 
Temp. Range) 

3 

18 

V 



Features: 

■ Converts from 1 of 8 to binary 

■ Provides cascading feature to handle any 

number of inputs 

■ Group select indicates one or more priority 
inputs 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 juA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications 

■ Priority encoder 

■ Binary or BCD encoder (keyboard encoding) 

■ Floating point arithmetic 



92CS-243I8R2 

Fig. 1 - Typical Output-N-channel 
drain characteristics. 



92CS- 24319 


Fig.2 — Minimum output-N-channef 
drain characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4532B Types 


STATIC ELECTRICAL CHARACTERISTICS 


Conditions 


Character 


Limits at Indicated Temperatures (°C) 

Values at —55 ,+25 ,+ 125 Apply to D,K,F,H Packages 
Values at —40, +25, +85 Apply to E, Y Packages 


scent Device 
rent,l|_ Max 


Output Voltage 
Low-Level, 


High Level, 
Vqh Min. 


Noise Immunity 
Inputs Low, 
V[\j l Min. 


Inputs High 


Noise Margin : 
Inputs Low, 


v 0 

V IN 

V DD 





+25 

(V) 

(V) 

(V) 

—55 

-40 

+85 

+125 
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Typ. 

Max. 

- 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4532B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25°C; C L =50 pF, 
Input t r ,tf= 20 ns, R l~200 KS1 


I CHARACTERISTIC 


Propagation Delay Time: 
E| to Eo, E| to GS 
See Fig. 8 


E| to Qm, Dn to GS 


Dn to Qm 
See Figs. 5,7 


Transition Time 


Average Input Capacitance 


SYMBOL 


TEST CONDITIONS 
VDD 
VOLTS 


5 


10 


15 


Any Input 


LIMITS 

ALL TYPES 


MAX. 
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55 
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170 

65 

125 

\mnm 


85 

160 
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200 

50 
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40 

80 

5 

- 


I0 5 AMBIENT TEMPERATURE (Ta) s 25 °c 

* : :rrnr i ni l 


SUPPLY VOLTAGE V D o '15 V 
LOAD CAPACITANCE (C L )*50pF 


mKZM 


Ki 


B%i 


■III 


FREQUENCY Cf) — kHz 


Fig. 10 — Typical dynamic power dissipation 
vs. frequency. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4532B Types 



Fig. 14 — Input leakage current test circuit. 
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Fig. 15 — 16-level priority encoder. 
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TRUTH TABLE 


Input ( 

Output 

D9 

D8 

D7 

D6 

05 

D4 

D3 

D2 

D1 

DO 

GS 

Q3' 

Q2' 

Q1' 

QO' 

1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

1 

0 

1 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

0 

0 

0 

1 

X 

X 

X 

X 

X 

X 

X 

1 

0 

1 

1 

1 

0 

0 

0 

1 

X 

X 

X 

X 

X 

X 

1 

0 

1 

1 

0 

0 

0 

0 

0 

1 

X 

X 

X 

X 

X 

1 

0 

1 

0 

1 

0 

0 

0 

0 

0 

1 

X 

X 

X 

X 

1 

0 

1 

0 

o 

0 

0 

0 

0 

0 

o 

1 

X 

X 

X 

1 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

X 

X 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

X 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 
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Fig. 16 — 0-to-9 keyboard encoder. 








COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4555B, CD4556B Types 

COS/MOS Dual Binary to 1 of 4 Decoder/Demultiplexers 


CD4555B: Outputs High on Select 
CD4556B: Outputs Low on Select 

High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD4555B and CD4556B are dual 
one-of-four decoders/demultiplexers. Each 
decoder has two select inputs (A and B), an 
Enable input (E), and four mutually exclu- 
sive outputs. On the CD4555B the outputs 
are high on select; on the CD4556B the out- 
puts are low on select. 

When the Enable input is high, the outputs 
of the CD4555B remain low and the outputs 
of the CD4556B remain high regardless of 


the state of the select inputs A and B. The 
CD4555B and CD4556B are similar to types 
MC14555 and MC14556, respectively. 

The CD4555B and CD4556B types are sup- 
plied in 16-lead hermetjc dual-in-line ceramic 
packages {D, F, and Y suffixes), 16-lead dual- 
in-line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE <T stg ) -65 to +1 50°C 

OPERATING-TEMPERATURE RANGE (T A ): o 

PACKAGE TYPES D, F, K, H -55 to +1 25 q C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal): -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E, Y) q . . 500 mW 

FOR Ta = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 1 2 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) q . . 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) . . . . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS . . -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265 C 



9?CS - 229I8RI 92CS-229I9RI 

CD4555B CD4556B 

FUNCTIONAL DIAGRAMS 


Features: 

■ Expandable with multiple packages 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 pA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 
ture range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Decoding ■ Code conversion 

■ Demultiplexing (using Enable input as a 
data input) 

■ Memory chip-enable selection 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability , nominal operating conditions should be selected 
so that operation is always within the following ranges. 


CHARACTERISTIC 

V DD 

MIN. 

MAX. 

UNITS 

Supply Voltage Range 
(For J/\ = Full Package 

Temp. Range) 


3 

18 

V 




ALL INPUTS PROTECTED BY COS/MOS 
PROTECTION NETWORK: 


ois/W— 


, V DD 


V SS 92CS-2422IRI 



92CS-24222RI 


Function selection 



92CS-243I8R2 

Fig. 3 — Typical output-N-charwel drain 
characteristics. 



92CS-243I9 


Fig. 1 — CD4555B logic diagram 
(1 of 2 identical circuits). 


Fig. 2 — CD4556B logic diagram 
(1 of 2 identical circuits ). 


Fig. 4 — Minimum output-N -channel drain 
characteristics. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4555B, CD4556B Types 

STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 


Quiescent Device 
Current, I , Max 


Output Drive 
Current: 
N-Channel 
(Sink), 


CONDITIONS LIMITS AT INDICATED TEMPERATURES CC) 

Values at -55, +25 , +125 Apply to D, K, F, H Packages 
Values at -40, +25, +85 Apply to E, Y Packages 

Vn |V| W jv nn I I P I +25 


DRAIN -TO -SOURCE VOLTAGE (V DS )-V 

r i!5 -»9 M r . rr ,-4,- rrr 

AMBIENT TEMPERATURE (T A ).25*C IIIIZ 

in ii i iiii fTTii iiii i iiii i i ltililitwff 

tTT tl GATE-TO-SOURCE VOLTAGE (Vm)*- 5 V 


v O V IN DD 
(V) (V) (V) -55 


+25 

AIN. |TYP. I MAX. 


50 100 



X = DONTCARE 


0 1 0 1 0 1 0 I 

LOGIC 1 = HIGH 
LOGIC 0= LOW 


1 


0 

1 I 1 I 1 


40 60 60 IOO 

LOAD CAPACITANCE (C l 1- pE 


Fig. 8 - Typical propagation delay time vs. load 
capacitance (F input to any output). 
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CHARACTERISTIC 


Propagation Delay Time, tpj_||_, 
A or B Input to tppjL» 

Any Output tpy_j 


E Input to Any 
Output 


Transition Time: tyj^j_, ty^ 


Average Input Capacitance, Cj_ Any Input 
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85 170 

65 130 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


CD4555B, CD4556B Types 




f j * I MHz , 50 % DUTY CYCLE 

92CS- 24223 

Fig. 15 - CD4555B B input to Q3 output dynamic 
signal waveforms. 


♦ j * I MHz, 50 % DUTY CYCLE 

92CS-24224 

Fig. 16- CD4556B B input to Q3 output dynamic 
signal waveforms. 



fj = I MHz, 50 % DUTY CYCLE 

92CS- 24225 

Fig. 17 — CD4555B £ input to Q3 output dynamic 
signal waveforms. 





Fig. 18 — CD4556B E input to Qj output dynamic 
signal waveforms. 


Fig. 19 — Quiescent device current. 


Fig. 20 — Noise immunity. 



Fig. 21 - Input leakage current. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40100B Types 

COS/MOS 32-Stage Static Left/Right Shift Register 

High-Voltage Types (3-to-20-Volt Rating) 


The RCA-CD40100B is a 32-stage shift reg- 
ister containing 32 D-type master-slave flip- 
flops. 

The data present at the shift-right input is 
transferred into the first register stage syn- 
chronously with the positive clock edge, 
provided the left/right control is at a low 
level, the recirculate control is at a high 
level, and the clock inhibit is low. If the 
left/right control is at a high level and the 
recirculate control is also high, data at the 
shift-left input is transferred into the 32nd 
register stage synchronously with the posi- 
tive clock transition, provided the clock 
inhibit is low. 

Data is shifted one stage left or one stage 
right depending on the state of the left/right 
control, synchronously with the positive 
clock edge. Data clocked into the first or 
32nd register stages is available at the appro- 
priate output on the next negative clock 
transition. No shifting occurs on the positive 


clock edge if the clock inhibit line is at a 
high level. With the recirculate control low, 
data in the 32nd stage is shifted into the 
first stage when the left/right control is 
low and from the 1st stage to the 32nd 
stage when the left/right control is high. 

The CD40100B types are supplied in 16-lead 
ceramic dual-in-line packages (D, F, and Y 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


LEFT/RIGHT 

CONTROL 



92CS- 27567 


CD40100B 

FUNCTIONAL DIAGRAM 



MAXIMUM R ATI NGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE <T stg ) -65 to +150° C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D. F, K, H -55 to + 125°C 

PACKAGE TYPES E, Y -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgs Terminal) -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 1 2 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) . . . . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a - FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


Features: 

■ Fully static operation 

® Shift left/Shift right capability 

■ Multiple package cascading 

■ Recirculate capability 

■ LI FO or FI FO capability 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 juA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 
ture range) 

■ 5-V, 10-V, and 15-V parametric ratings 


Applications: 

■ Serial shift registers 

■ Time delay circuits 

■ Expandable N-bit 
(LIFO operation) 


data storage stack 


ALL INPUTS PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


92CL-27565 


Fig. 1 — Logic diagram. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40100B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability , nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For T/\ = 

Full Package-Temperature Range) 

3 

18 

V 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25° C; Input t r , t f =20ns, 
C L =50pF, R l = 200 KQ. 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

UNITS 


V DD ^ 

VALUES 

Propagation Delay Time: 


5 

100 


Clock to Shift Left/Right 


10 

50 

ns 

Output, t PLH ,t PHL 


15 

40 


Transition Time, 


5 

100 


l TLH> l THL 


10 

50 

ns 



15 

40 


Minimum Data Setup Time, tg 


5 

50 




10 

30 

ns 



15 

20 


Maximum Clock Input 


5 

2.5 


Frequency, 


10 

5 

MHz 



15 

6 


Minimum Clock Pulse Width, tyy 


5 

200 



10 

100 

ns 



15 

80 


Average Input Capacitance, Cj 

Any Input 

5 

PF 


INTERNAL STAGE TRUTH TABLE # 


CLOCK* 

CLOCK 

INHIBIT 

DATA 

<d n > 

D n+1 (SHIFT RIGHT) 
Dm.t (SHIFT LEFT) 


0 

0 

0 

\ 

0 

0 

No change 

^ 

0 

1 

1 

\ 

0 

1 

No change 

X 

1 

X 

No change 


CONTROL TRUTH TABLE 


LEFT/RIGHT 

CONTROL 

CLOCK 

INHIBIT 

RECIRCULATE 

CONTROL 

ACTION 

INPUT BIT 
ORIGIN 

1 

0 

1 

Shift left 

Shift left input 

1 

0 

0 

Shift left 

Stage 1 

0 

0 

1 

Shift right 

Shift right input 

0 

0 

0 

Shift right 

Stage 32 

X 

1 

X 

No shift 

- 


0 = Low level 

1 = High level 
X = Don't care 
A = Level change 

#- New data appears at the outputs on negative clock transitions. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40101B Types 

COS/MOS 9-Bit Parity 
Generator/Checker 

High-Voltage Types (3-to-20-Volt Rating) 


Features: 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 fd A at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature range) 

■ 5-V, 10-V, and 15- V parametric ratings 


The RCA-CD40101 is a 9-bit (8 data bits plus 
1 parity bit) parity generator/checker. It may 
be used to detect errors in data transmission 
or data retrieval. Odd and even outputs facili- 
tate odd or even parity generation and check- 
ing. 

When used as a parity generator a parity bit 
is supplied along with the data to generate an 
even or odd parity output. 

When used as a parity checker the received 
data bits and parity bits are compared for 
correct parity. The even or odd outputs are 
used to indicate an error in the received data. 

Word length capability is expandable by 
cascading. The CD40101 is also provided 
with an inhibit control. If the inhibit control 
is set at logical "1" the even and odd outputs 
go to a logical "0". 

The CD40101B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D, F, 
Y suffixes), 14-lead dual-in-line plastic pack- 
ages (E suffix), 14-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


INHIBIT 



Fig. 1 — CD40101 functional diagram. 


For MAXIMUM RATINGS see "Ratings and 
Characteristics" at the beginning of the COS/ 
MOS section. 


Truth Table 


Inputs 

Outputs 

D1-D9 

Inhibit 

Even 

Odd 

2 1's=Even 

0 

1 

0 

Sl’s=Odd 

0 

0 

1 

X 

1 

0 

0 


X = Don't Care 
Logic 1 = High 
Logic 0 = Low 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For T A =Full Package- 
Temperature Range) 

3 

18 

V 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C 



CONDITIONS 

TYPICAL 

VALUES 


CHARACTERISTIC 

Vo 

(V) 

V DD 

(V) 

UNITS 


- 

5 

0.02 


Quiescent Device Current, 1 [_ Max. 

- 

10 

0.02 

VA 

- 

15 

0.02 


— 

20 

0.04 


Output Drive Current: 





N-Channel (Sink), 

0.4 

5 

0.8 


IpN Min. 

0.5 

10 

1.8 


1.5 

15 

6 

mA 

P-Channel (Source), 

4.6 

5 

-0.8 


2.5 

5 

-3.2 


IpP Min. 

9.5 

10 

-1.8 



13.5 

15 

-6 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r ,tf = 20 ns, 
C L «50pF, R l = 200 K£2 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 


V DD 

V 

Data Propagation Delay Time: 


5 

450 


High-to-Low, tpp|j_ 


10 

160 




15 

125 




5 

450 


Low-to-High, tpLH 


10 

160 




15 

125 


Inhibit-to-Output Propagation 


5 

160 

ns 

Delay Time: 


10 

80 


High-to-Low, tpj_|L 


15 

50 




5 

160 


Low-to-High, tpLj_j 


10 

80 




15 

50 


Transition Time: 


5 

100 


High-to-Low, tj^L 


10 

50 




15 

40 

ns 



5 

100 

Low-to-High, tj|_pj 


10 

50 




15 

40 


Average Input Capacitance, C| 

Any Input 

- 

5 

PF 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40102B, CD40103B Types 


COS/MOS 8-Stage Presettable 
Synchronous Down Counters 


High-Voltage Types (3-to-20-Volt Rating) 
CD40102 — 2- Decade BCD Type 
CD40103 — 8-Bit Binary Type 


■ Synchronous or asynchronous preset 

■ Medium-speed operation : fcL = 

3.5 MHz (typ.) @ V DD = 10 V 

■ Cascadable 


■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 fi A at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15-V parametric ratings 


The RCA-CD40102B, and CD40103B con- 
sist of an 8-stage synchronous down counter 
with a single output which is active when the 
internal count is zero. The CD40102 is con- 
figured as two cascaded 4-bit BCD stages, 
while the CD40103 contains a single 8-bit 
binary counter. Each type has control inputs 
for enabling or disabling the clock, for clear- 
ing the counter to its maximum count, and 
for presetting the counter either synchro- 
nously or asynchronously. All control inputs 
and the CARRY-OUT/ZERO DETECT out- 
put are active-low logic. 

In normal operation, the counter is decre- 
mented by one count on each positive tran- 
sition of the CLOCK. Counting is inhibited 
when the CARRY-IN/CLOCK ENABLE (Cl/ 
CE) input is high. The CARRY-OUT/ZERO- 
DETECT (CO/ZD) output goes low when 
the count reaches zero if the CI/CE input is 
low, and remains low for one full clock peri- 
od. 

When the SYNCHRONOUS PRESET-ENA- 
BLE (SPE) input is low, data at the JAM in- 
put is clocked into the counter on the next 
positive clock transition regardless of the 
state of the CI/CE input. When the ASYN- 
CHRONOUS PRESET-ENABLE (APE) in- 
put is low, data at the JAM inputs is asyn- 
chronously forced into the counter regard- 
less of the state of the SPE, CI/CE, or 
CLOCK inputs. JAM inputs JQ-J7 represent 
two 4-bit BCD words for the CD40102 and 
a single 8-bit binary word for the CD40103. 
When the CLEAR (CLR) input is low, the 
counter is asynchronously cleared to its 
maximum count (99*|o for the CD40102 
and 255*10 f° r the CD40103) regardless of 
the state of any other input. The precedence 
relationship between control inputs is indi- 
cated in the truth table. 

The CD40102 and CD40103 may be cas- 
caded using the CI/CE input and the CO/ZD 
output, in either a synchronous or ripple 
mode. 

The CD40102B and CD40103B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D, F, and Y suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 

Applications: 

■ Divide-by-"N" counters 

■ Programmable timers 

■ Interrupt timers 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For T^ = Full Package- 
Temperature Range) 

3 

18 

V 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C 



Conditions 

Typical 

Values 


Characteristic 

Vo 

(V) 

V|N 

(V) 

~ < 
< O 

Units 


- 

- 

5 

0.02 


Quiescent Device 

- 

- 

10 

0.02 

ma 

Current, l|_ 

- 

- 

15 

0.02 


- 

- 

20 

0.04 


Output Voltage: 

- 

0,5 

5 

0 


Low-Level, 

- ! 

0,10 

10 

0 


VOL 

- 

0,15 

15 

0 

v 

High Level, 

VOH 

- 

0.5 

5 

5 


— 

0,10 

10 

10 


- 

0,15 

15 

15 


Noise Immunity: 

Inputs Low, 

Vnl 

4.2 

- 

5 

2.25 


9 

- 

10 

4.5 


13.5 

- 

15 

6.75 

v 

Inputs High, 

VNH 

0.8 

- 

5 

2.25 


1 

- 

10 

4.5 


1.5 

- 

15 

6.75 


Noise Margin: 

4.5 

— 

5 

1 Min. 


Inputs Low, 

V NML 

9 

- 

10 

1 Min. 


13.5 

- 

15 

1 Min. 

V 


0.5 

- 

5 

1 Min. 

Inputs High, 

V NMH 

1 

- 

10 

1 Min. 


1.5 

— 

15 

1 Min. 


Output Drive 

Current: 

N-Channel 

0.4 

- 

5 

0.8 


(Sink), 

•d n 

0.5 

— 

10 

1.8 


1.5 

— 

15 

6 

mA 


4.6 

— 

5 

-0.8 

P-Channel 

(Source), 

2.5 

- 

5 

-3.2 


'd p 

9.5 

— 

10 

-1.8 



13.5 

- 

15 

-6 


Input Leakage 

Current, 

Any Input 

20 

±10“ 5 

M A 

l|L. IlH 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40102B, CD40103B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T s tg> -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H _ 55 to +125°C 

PACKAGE TYPES E,Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal): _0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FOR T A = +60 to +85 C (PACKAGE TYPES E, Y) ..... .Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125 C (PACKAGE TYPES D, F, K) . . .Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS . -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265 °C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A - 25°C; Input t r , tf - 20 ns, 

C L = 50 pF, R L = 200 KSl 


CHARACTERISTIC 

VDD 

(V) 

TYPICAL 

VALVES 

UNITS 

Propagation Delay Time: tp^L * tpLH 

5 

275 


CLOCK to 

10 

125 

ns 

CARRY-OUT/ZERO DETECT 

15 

90 


CARRY-IN/CLOCK ENABLE 

5 

200 


to 

10 

90 

ns 

CARRY-OUT/ZERO DETECT 

15 

65 



5 

100 


Transition Time, tynL. , tTLH 

10 

50 

ns 


15 

40 


Minimum Setup Time: tg 

5 

130 


SYNCHRONOUS PRESET ENABLE, 

10 

60 

ns 


15 

45 


JAM Inputs 

5 

75 


(Synchronous Mode) 

10 

15 

40 

30 

ns 

Minimum Pulse Width: tyy 

5 

225 


CLOCK or 

10 

95 

ns 

ASYNCHRONOUS PRESET ENABLE 

15 

60 



5 

150 


CLEAR 

10 

60 

ns 


15 

45 



5 

1.4 


Maximum Clock Frequency, f^L 

10 

3.5 

MHz 


15 

4.8 


Input Capacitance, C| 


5 

pF 

(Any Input) 





TRUTH TABLE 


CONTROL INPUTS 

MODE 

ACTION 

CLR 

APE 

SPE 

CI/CE 

1 

1 

1 

1 

Synchronous 

Inhibit clock 

1 

1 

1 

0 

Count down 

1 

1 

0 

X 

Preset on next positive 
clock transition 

1 

0 

X 

X 

Asynchronous 

Preset asynchronously 

0 

X 

X 

X 

Clear to maximum count 


Synchronous operation: changes occur on negative-to- 
positive clock transitions 

JAM inputs: CD40103 BCD ; MSB = J7, LSB = JO 
CD40102 Binary : MSD = J7, J6. J5, J4; 

LSD = J3, J2, J1, JO 


Notes: 1. 0 = Low level 

1 - High level 
X = Don't care 

2. Clock connected to clock input 


4. 


JO — 

4 16 14 

ji — 

5 

J2 — 

6 8 -STAGE 5 


DOWN 

J3 

7 COUNTER 15 

J4 

K> 9 

J5 

II 2 

J6 

12 

J7 

13 8 ' 


_ CARRY-OUT/ 
ZERO 0ETECT 


CARRY-IN/ 
CLOCK ENABLE 

PRESET 

-ASYNC.J 

-CLEAR 

-CLOCK 


CONTROL 

INPUTS 


Vss 92CS-27496 

Fig. 1 — CD40102B, CD40103B functional diagram. 
V DD 


NH 


JO 

CO/ZD 

JI 


J2 

CI/CE 

J3 

SPE 

J4 

APE 

J5 

CLR 

J6 


J7 

CLOCK 


f 0UT - 
' f )N +(N+n 


v ss 

Fig. 2 — Divide-by-"N" counter . 
V DD 

fc 


JO 

CO/ZD 

Ji 


J2 

CI/CE 

J3 

SPE 

J4 

APE 

J5 

CLR 

J6 


J7 

CLOCK 


SI 

UP * RUN 
DOWN - PRESET 


VSS 

NOTE: FOR SI UP AT»q 

*TIME ”0 UT “ f O Til 92CS-277I4 

Fig. 3 — Programmable timer. 


FROM 

microprocessor^ 

DATA 

BUS 


PRESET TIMER 
(I/O COMMAND)" 


J 0 

CO/ZD 

J l 


J 2 

CI/CE 

J 3 

SPE 

J4 

APE 

J5 

CLEAR 

J6 


J7 

CLOCK 



TO 

► MICROPROCESSOR 
INTERRUPT LINE 


EXT. 

OSC 


92CS-277I5 

Fig. 4 — Microprocessor interrupt timer. 


a/cE co/zo 



CI/CE CO/ZD 



CI/CE CO/ZD 

CLOCK 


CLOCK 


CLOCK 


INPUT 

CLOCK 


X 


Fig. 5 — Synchronous cascading . 


ENABLE - CI/CE C0/ZD I 
CLOCK 

INPUT 1 

CLOCK 


•hr CI/CE C0/ZD 
CLOCK 

T i 1 


CO/ZD I output^ 


v ss 


Fig. 6 - Ripple cascading. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40104B Types 


COS/MOS 4-Bit Bidirectional Universal Register 

High-Voltage Types (3-to-20-Volt Rating) 

For MAXIMUM RATINGS see "Ratings and 
Characteristics" at the beginning of the COS/MOS 
section. 


CONTROL TRUTH TABLE 


CLOCK* 

MODE 

SELECT 

OUTPUT 

ENABLE 

ACTION 

So 

Si 


0 

0 

1 

Reset 

_/ 

1 

0 

1 

Shift right (Qq toward Q 3 ) 

_r 

0 

1 

1 

Shift left (Q 3 toward Qq) 

_y~ 

1 

1 

1 

Parallel load 

X 

X 

X 

0 

Outputs assume high impedance 


MODE 

SELECT 


ENABLE 


D. — i 

no 5 

SHIFT 03 ~ 
LEFT 

6 

7 

SHIFT 


, RIGHT 

2 

r s 0 

9 

S| 

10 


V DD =I6 CLOCK 

V SS = 8 



CD40104B 

FUNCTIONAL DIAGRAM 


1 = High level X = Don't care 

0 = Low level A - Level change 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25° C; Input t r , t f = 20 ns. 


C L = 50 pF, R l = 200 KQ. 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

UNITS 

V DD (V) 

VALUES 

Propagation Delay Time: 

5 

375 


Clock to Q 

10 

150 

ns 

tPHL' tPLH 

15 

110 


3-State Output 

5 

120 


1 or 0 to High Impedance 

10 

50 

ns 

(Note) tpj-iz* tpLZ 

15 

40 


3-State Output 

5 

150 


High Impedance to 1 or 0 

10 

60 

ns 

(Note) tpZH'tPZL 

15 

45 


Output Transition Time 

5 

100 


tTHL-tTLH 

10 

15 

50 

40 

ns 

Minimum Setup Time: 




DO, D3, Shift-Right In, 

5 

60 


Shift- Left In, to 

10 

25 

ns 

Clock tg 

15 

20 


Select 0, Select 1 to 

5 

170 


Clock tg 

10 

70 

ns 

15 

50 


Minimum Hold Time: 




DO, D3, Shift-Right In, 

5 

0 


Shift-Left In, Select 0, 

10 

0 

ns 

Select 1 to Clock tj_| 

15 

0 


Minimum Clock Pulse Width tyy 

5 

85 


10 

35 

ns 


15 

25 


Maximum Clock Input 

5 

4 


Frequency fQL 

10 

9 

MHz 


15 

12 


Average Input Capacitance C| 

Any Input 

5 

pF 


NOTE: Measured at the point of 10% change in output with an output load of 50 pF, R|_ = 1 kn to 
Vqd f° r tpZL' t PLZ anc * ~ ^ to Vgg for fpHZ* 


Features: 

■ Medium speed operation— fQL = 9 MHz 
(typ.) at V DD = 10 V 

■ Fully static operation 

■ Synchronous parallel or serial operation 

■ Three-state outputs 

■ Quiescent current specified to 20 V 

■ Maximum input leakage current of 1 pA 
at 20-V (full package-temperature range) 

■ 1-V noise margin (full package-tempera- 
ture range) 

■ Standard symmetrical output characteris- 
tics 

■ 5-V, tO-V, and 15-V parametric ratings 


The RCA-CD40104B is a universal register 
featuring parallel inputs, parallel outputs, 
shift-right and shift-left serial inputs, and a 
high-impedance third output state allowing 
the device to be used in bus-organized sys- 
tems. 

In the parallel-load mode, data is loaded into 
the associated flip-flop and appears at the 
output after the positive transition of the 
clock input. During loading, serial data flow 
is inhibited. Shift-right and shift-left are ac- 
complished synchronously on the positive 
clock edge with serial data entered at the 
shift-right and shift-left serial inputs, respec- 
tively. Clearing the register is accomplished 
by setting both mode controls low and clock- 
ing the register. The mode controls should 
be changed only when the clock input is low. 
When the output enable input is low, all out- 
puts assume the high impedance state. 

The CD40109B types are supplied in 16-lead 
ceramic dual-in-line packages (D, F, and Y 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40104B Types 

STATIC ELECTRICAL CHARACTERISTICS at T A = 25° C. 


CHARACTERISTIC 

CONDITIONS 

TYP. 

VALUES 

UNITS 

5 o 

V| N 

(V) 

Vdd 

(V) 

Quiescent Device 
Current, 1 l 

_ 

_ 

5 

0.02 

M 

- 


10 

0.02 

- 

- 

15 

0.02 

- 

- 

20 

0.04 

Output Voltage: 
Low-Level, 

v OL 

_ 

0,5 

5 

0 

V 

- 

0, 10 

10 

0 

- 

0, 15 

15 

0 

High-Level, 

V 0H 

- 

0, 5 

5 

5 

- 

0, 10 

10 

10 

- 

0, 15 

15 

15 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 



5 

2.25 

V 

9 

- 

10 

4.5 

13.5 

- 

15 

6.75 

Inputs High, 

V N H 

0.8 

- 

5 

2.25 

1 

- 

10 

4.5 

1.5 

- 

15 

6.75 

Noise Margin: 

Inputs Low, 

V NML 

4.5 


5 

1 min. 

V 

9 

- 

10 

1 min. 

13.5 

- 

15 

1 min. 

Inputs High, 

V NMH 

0.5 

- 

5 

1 min. 

1 

- 

10 

1 min. 

1.5 

- 

15 

1 min. 

Output Drive 
Current: 

N-Channel 

(Sink), 

i d n 

0.4 


5 

0.8 

mA 

0.5 

- 

10 

1.8 

1.5 

- 

15 

6 

P-Channel 

(Source), 

'dP 

4.6 

- 

5 

-0.8 

2.5 

- 

5 

-3.2 

9.5 

- 

10 

-1.8 

13.5 

- 

15 

-6 

Input Leakage 
Current, 

'iL-'lH 

Any Input 

20 

±10~ 5 

ma 

3-State Output 
Leakage Current 

'OL- 'OH 

Forced 

(Output 

Disabled) 

0, 20 | 

| 20 

ilO -4 

IXA 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 


Characteristic 

Min. 

Max. 

Units 

Supply-Voltage Range 

0"^ = Full Package- 
Temp. Range) 

3 

18 

V 


Applications: 

■ Arithmetic unit bus registers 

■ Serial/parallel conversions 

■ General-purpose register for bus-organized 
systems 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40105B Types 


COS/MOS FIFO Register 


4-Bit Wide X 16-Bit Long 
High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD40105 is a low-power 4-bit- 
wide-by-1 6-bit-long first-in-first-out (FIFO) 
register whose 4X16 data register is under 
constant control of a logic network. Each 
word position in the array is clocked by a 
control flip-flop, which stores a marker bit. 

A "1" signifies that the position's data is 
filled and a "0" denotes a vacancy in that 
position. The control flip-flop detects the 
state of the preceding flip-flop and com- 
municates its own status to the succeeding 
flip-flop. When a control flip-flop is in the 
“0" state and sees a "1" in the preceding 
flip-flop, it generates a clock pulse, trans- 
ferring data from the preceding four data 
latches into its own four data latches and 
resetting the preceding flip-flop to "0". The 
first and last control flip-flops have buffered 
outputs. Since all empty locations "bubble" 
automatically to the input end, and all valid 
data ripple through to the output end, the 
status of the first control flip-flop (DATA- 
IN READY) indicates if the FIFO is full, 
and the status of the last flip-flop (DATA- 
OUT READY) indicates if the FIFO con- 
tains data. As the earliest data are removed 
from the bottom of the data stack (the out- 
put end), all data entered later will automati- 
cally propagate (ripple) toward the output. 


Features: 

■ Independent asynchronous inputs and outputs 

■ 3-state outputs ■ Expandable in either direction 

■ Status indicators on input and output ■ Reset capability 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 /iA at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package- temperature 
range) 

■ 5-V, 10-V, and 15- V parametric ratings 

3-State Outputs — In order to facilitate data 
busing, 3-state outputs are provided on the 
data output lines, while the load condition of 
the register can be detected by the state of 
the DOR output. 

Master Reset — A high on the MASTER 
RESET (MR) sets all the control logic marker 
bits to "0". DOR goes low and DIR goes 
high. The contents of the data register are 
not changed, only declared invalid, and will 
be superseded when the first nibble of data 
is loaded. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPES E, Y 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal): 





3 -TATE 

i| 

rr 

o o 
- o 

DO — - 

D. 


D2 — - 

D3 — - 


02 

— Q3 

SHIFT IN — 

DATA-IN 2 

READY 


14 DATA-OUT 
READY 

— — SHIFT OUT 


9l 

V 00 =I6 

V SS* 8 

92CS- 27282 

MASTER 

RESET 

CD40105 

Functional Diagram 


Applications: 

■ Bit rate smoothing 

■ CPU/terminal buffering 

■ Data communications 

■ Peripheral buffering 

■ Line printer input buffers 

■ Auto dialers 

■ CRT buffer memories 


-66 to +150°C 

-55 to +125°C 
-40 to +85°C 

-0.5 to +20 V 


Loading Data — Data can be entered when- 
ever the DATA-IN READY (DIR) flag is 
high, by a high level on the SHIFT-IN (SI) 
input. This input must go low momentarily 
before the next nibble (4-bits) of data is 
accepted by the FIFO. The DIR flag will go 
low momentarily, until the data have been 
transferred to the second location. The flag 
will remain low when all 16-word locations 
are filled with valid data, and further pulses 
on the SI input will be ignored until DIR 
goes high. 

Unloading Data — As soon as the first data 
have rippled to the output, DATA-OUT 
READY (DOR) goes high, and data can be 
removed by a falling edge on the SI input. 
This falling edge causes the DOR signal to 
go low while the word on the output is 
dumped and the next word moves to the 
output. As long as valid data are available 
in the FIFO, the DOR signal will go high 
again signifying that the next nibble of data 
is ready at the output. When the FIFO is 
empty, DOR will remain low, and any further 
commands will be ignored until a "1" marker 
ripples down to the last control register, 
when DOR goes high. Unloading of data is 
inhibited while the 3-state control input is 
high. 

Cascading — The CD40105 can be cascaded 
to form longer registers simply by connecting 
the DIR to SO and DOR to SI. For words 
wider than 4 bits, the DIR and the DOR out- 
puts must be gated together with AND gates. 
Their outputs drive the SI and SO inputs in 
parallel, if expanding is done in both direc- 
tions (See Figs. 2 and 3). 


POWER DISSIPATION PER PACKAGE (Pq): 

FOR T a = -40 to +60°C (PACKAGE TYPES E,Y) 500 mW 

FOR T a = +60 to +85°C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

V DD 

LIMITS 

UNITS 


(V) 


Max. 


Supply Voltage Range (For T A =Full Package 


3 

18 

V 

Temperature Range) 








- 


Data Setup Time, tg 



- 

ns 




- 



5 

dc 

1.5 


Shift-In or Shift-Out Rate 

10 

dc 

3 

MHz 


15 

dc 

4 



5 

200 

_ 


Shift-In or Shift-Out 

i n 

on 



Pulse Width, t w 

15 

ou 

60 

— 

ns 


5 

160 

— 


Master Reset Pulse Width, t w 

10 

80 

- 

ns 


15 

60 

- 


Shift-In or Shift-Out 





Rise or Fall Time, t r or tf : 

5,10,15 

— 

15 

MS 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40105B Types 

STATIC ELECTRICAL CHARACTERISTICS D 


Conditions 


Characteristic 


Quiescent Device 
Current, I j_ 


Output Voltage : 
Low-Level, 

Vql 


High Level, 


Noise Immunity : 
Inputs Low, 
Vm, 


Output Drive 
Current : 
N-Channel 
(Sink ), 


P-Channel 

(Source), 


Input Leakage 
Current, 

1 1 L- 1 IH 

3-State Output 
Leakage Current 

l OL' l OH 


I 1 

Units 



Bin 

HI 

10 

1.8 

IB 

HI 

15 

6 

EB 

Bl 

5 

-0.8 

m 

HI 

5 

-3.2 



Any Input 20 ±10 " 

Forced 

(Output 

Disabled) 

0, 2o| - | 20 ± 10~ 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r ,t r = 20 ns, 
C L = 50 pF, Rj_ = 200 Kfl 


CHARACTERISTIC 


Transition Time 


Ripple-Through Delay, 
Input to Output 


Max. Shift-1 n or 
Shift-Out Rate 


Minimum Data Setup Time 


Min. Shift-Out or 
Shift-1 n Pulse Width 


Max. Shift-Out or Shift-In 
Rise and Fall Time 


Propagation Delay Time: 
Reset-to-Output Ready 


Shift-1 n-to-fnput Ready 


Shift-Out-to-Output 

Ready 


3-State-to-Data Out 
(T urn -on) 


Min. Master 
Reset Pulse Width 


I nput Capacitance 



DATA-IN 
READY (DIR) 

(T) 


3- STATE OUTPUT 
DATA-OUT READY (DOR) 



j CD40I05 
3 

DIR S< 


SI DOR 

3 Q 

2 CD40I05 q 

3 Q 

DIR SO 


Fig. 1 — CD40105 functional block diagram. 


Fig.2 — Expansion , 4-bits-wide-by-N-bits long. 


Fig. 3 — Expansion, 8-b i ts~ wide -by-N-bi ts long. 









































































































COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40107B Types 


COS/MOS Dual 2-Input NAND Buffer/Driver 


For Use In Relay, Lamp, Light-Emitting 
High-Voltage Type (3-to-20-Volt Rating) 

The RCA-CD40107BE is a dual 2-input 
NAND buffer/driver containing two inde- 
pendent 2-input NAND buffers with open- 
drain single n-channel transistor outputs. 
This device features a wired-OR capability 
and high output sink current capability (120 
mA typ. at Vpp = 10 V, Vps = 1 V). The 
CD40107BE is supplied in the 8-lead dual-in- 
line plastic (Mini-DIP) package. 


Truth Table 


A 

B 

C*, F* 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 


*Requires external 
pull-up resistor 

(R|_) t0 V DD- 


OPERATING CONDITIONS 

For maximum reliability , nominal 
operating conditions should be 
selected so that operation is always 
within the following ranges. 


Characteristic 


Max. 

Units 

Supply Voltage Range: 
(T Full Package 
Temp. Range) 

3 

18 

V 


Diode, Or Line Driver Applications 
Features: 

■ 32 times standard B-Series output current drive 
sinking capability — 

120 mA typ. @ V DD = 10 V, V DS = 1 V 


■ Quiescent current specified to 20 V 

■ Maximum input leakage current of 1 pA 
at 20 V (full-package-temperature range) 

■ 5-V, 1 0-V, and 1 5-V parametric ratings 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T $TG ) . . . -65 to +125°C 

OPERATING-TEMPERATURE RANGE (T a ) . . . -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE (Vpp) 

(Voltages referenced to Vgg terminal): .... —0.5 to 20 V 

POWER DISSIPATION PER PACKAGE: 

For T a = —40 to +60°C 500 mW 

For T a = +60 to +85°C derate linearly at 12 mW/°C to 200 mW 
POWER DISSIPATION PER OUTPUT BUFFER: 

For T a = -40 to +60°C 250 mW 

M o o 

For T a = +60 to +85 C . derate linearly at 6 mW/ C to 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS . -0.S to V DD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/1 6 ± 1/32 in. (1 .59 ± 0.79 mm) 
from case for 10 s max +265 C 


V DD 

i. 


V DD* 8 

Vss-4 


vss 

V 0D 


A 


ss 

9ECS- 24820RI 


Functional Diagram 


STATIC CHARACTERISTICS 



TEST CONDITIONS 

TYPICAL 


CHARACTERISTIC 

V 0 

V DD 

VALUES 

UNITS 


Volts 

Volts 



Quiescent Device Current, lj_ 

- 

5 

0.01 

HA 

- 

10 

0.01 



- 

15 

0.01 



- 

20 

0.02 


Output Drive Current: 

0.4 

5 

28 



1 

5 

60 


N-Channel (Sink), IpN 

0.5 

10 

64 

mA 


1 

10 

120 



0.5 

15 

88 


P-Channel (Source), IpP 

No Internal Pull-Up Device 



DYNAMIC ELECTRICAL CHARACTERISTICS At T A = 25°C, C L = 50 pF, Input t r , t f = 20ns 


Special Considerations 

1. Limiting capacitive currents for CL > 
500 pF, Vpp > 15 V. 

For V DD > 15 V, and load capacitance 
(Cj_) from output to ground > 500 pF, 
an external 25 SI series limiting resistor 
should be inserted between the output 
terminal and C[_. No external resistor is 
necessary if C|_<500pF or Vpp < 15 V. 

2. Forward biasing of output diodes. 

Diodes from output to Vpp are con- 
structed for electrostatic protection only. 
To prevent excessive diode current flow in 
applications where these diodes may be- 
come forward biased (i.e. turning off 
inductive loads), these diodes must be 
shunted with a switching diode with low 
dynamic resistance, capable of conducting 
> 1 0 mA at Vp = 1 V, such as the 1 N41 54. 


CHARACTERISTIC 

TEST CONE 

)ITIONS 

V DD 

Volts 

TYPICAL 

VALUES 

UNITS 

Propagation Delay: 

High-to-Low tp|_jj_ 

R L =120 SI 

5 

100 

ns 

10 

40 

15 

30 

Low-to-High tpj_|_| 

R L =1 2012 

5 

100 

ns 

10 

60 

15 

50 

Transition Time: 

High-to-Low typj L 

R l =120 SI 

5 

40 

ns 

10 

20 

15 

10 

Low-to-High ty[_|_j 

R l =120 SI 

5 

40 

ns 

10 

35 

15 

20 

Average Input Capacitance C| 

Any Input 

5 

pF 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40108B Types 

COS/MOS 4x4 Multiport Register 


The RCA-CD40108B is a 4X4 multiport 
register containing four 4-bit registers, write 
address decoder, two separate read address 
decoders, and two 3-state output buses. 
The high-impedance third state provides the 
outputs with the capability of being con- 
nected to the bus lines in a bus-organized 
system without the need for interface or 
pull-up components. 

MAXIMUM RATINGS, Absolute-Maximum \ 


When the WRITE ENABLE input is high, 
all data input lines are latched on the posi- 
tive transition of the CLOCK and the data 
is entered into the word selected by the 
write address lines. When WRITE ENABLE 
is low, the CLOCK is inhibited and no new 
data is entered. In either case, the contents 
of any word may be accessed via the read 
address lines independent of the state of the 
CLOCK input. 


STORAGE-TEMPERATURE RANGE (T stg ) -65to+150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D. K,H -55 to +1 25° C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vg$ Terminal): -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60° C (PACKAGE TYPE E) 500 mW 

FOR T A = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

FOR T A = -55 to +1 00° C (PACKAGE TYPES D, K) 500 mW 

FOR T a = +100 to +1 25° C (PACKAGE TYPES D, K) .... Derate Linearly at 1 2 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265° C 


TRUTH TABLE 


CLOCK 

WRITE 

ENABLE 

WRITE 

1 

WRITE 

0 

READ 

1A 

READ 

0A 

READ 

IB 

READ 

0B 

STATE 

A 

STATE 

B 

D n 

1 

Q nA 

1 

Q nB 

1 



1 

SI 

S2 

SI 

S2 

SI 

S2 

1 

1 

0 

0 

0 

— X 

1 

SI 

S2 

SI 

S2 

SI 

S2 

1 

1 

X 

Z 

Z 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 





1 

0 

0 

0 

1 

1 

0 

1 

1 

D n to 
word 0 

Word 1 

out 

Word 2 

out 


0 

0 

0 

0 

1 

1 

0 

1 

1 

Word 0 

not altered 

Word 1 

out 

Word 2 

out 

X 

X 

X 

X 

i 

0 

0 

1 

1 

1 

X 

Word 2 

out 

Word 1 

out 


1 = HIGH LEVEL; 0= LOW LEVEL; X = DON'T CARE; Z= HIGH IMPEDANCE 
SI and S2 refer to input states of either 1 or 0 



* For measurement of 3-state propagation delay of 
HIGH IMPEDANCE to 1 or 0, connect R[_ = 1 kf2 
to Vqq or Vgs respectively. 


Fig. 1 — Timing diagram . 


WRITE 0 

WRITE I ■ 

READ IA — - 
READ 0A — - 

REA r ib ~ 

READ OB — - 

■spT 

V °0-» CLOCK ' 

V SS **2 


WORD A 
OUTPUT 


3 -STATE B 

92CS-248I9R2 


CD40108B 

FUNCTIONAL DIAGRAM 


Features: 

■ Four 4-bit registers 

■ One input and two output buses 

■ Separate control of each bus, allowing 
simultaneous independent reading of any 
of four registers on Bus A and Bus B and 
independent writing into any of the four 
registers 

■ Three-state outputs 

■ Unlimited expansion in bit and word 
directions 

■ Data lines have latched inputs 

■ Quiescent current specified to 20 V 

■ Maximum input leakage current of 1 /zA 
at 20 V (full package-temperature range) 

■ 1-V noise margin (full package-tempera- 
ture range) 

■ Standard symmetrical output character- 
istics 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Scratch-pad memories 

■ Arithmetic units 

* Datastorage 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40108B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (ForT^ = Full 
Package-Temperature Range) 

3 

18 

V 


DYNAMIC ELECTRICAL CHARACTERISTICS at = 25° C; Input t r , t f =20ns, 

C t = 50pF, R L =200KSl 


CHARACTERISTIC 

V DD 

TYPICAL 

UNITS 


(V) 

VALUES 

Propagation Delay Time: 

5 

375 


tPHL- *PLH 

10 

150 

ns 

Read Address or Clock to Q 

15 

110 


3-State Propagation Delay Time:* 

5 

150 


High Impedance to 1 or 0 

10 

60 

ns 

tPZH' tPZL 

15 

45 


1 or 0 to High Impedance 

5 

150 


tPHZ- l PLZ 

10 

60 

ns 


15 

45 


Output Transition Time: 

5 

100 


^HL-tTLH 

10 

50 

ns 


15 

40 


Minimum Setup Time: 

5 

125 


Write Enable to Clock tc^E) 

10 

50 

ns 


15 

35 


Write Enable to Clock tg(v\/E) 

5 

0 


10 

0 

ns 


15 

0 


Address to Clock tg^ppp) 

5 

125 



10 

50 

ns 


15 

35 


Data to Clock t$(D) 

5 

0 



10 

0 

ns 


15 

0 


Minimum Hold Time: 

5 

100 


Data to Clock t|-j( D) 

10 

40 

ns 


15 

30 


Clock to Write Enable t|_j(y^) 

5 

-50 


10 

-20 

ns 


15 

-15 


Maximum Clock Input Frequency, 

5 

3 


f CL 

10 

7 

MHz 


15 

9 


Minimum Clock Pulse Width, 

5 

150 


tw 

10 

60 

ns 


15 

45 


Average Input Capacitance, 




(Any Input) C| 

- 

5 

PF 


* Measured at the point of 10% change at the output with Rj_ = 1 k£2 to Vqq for tp^z* X PZL' anc * 
R l = 1 k!2 to Vgg for t pHZ , t pzH . 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40108B Types 


STATIC ELECTRICAL CHARACTERISTICS at T A =25° C 


CHARACTERISTICS 

CONDITIONS 

TYPICAL 

VALUES 

UNITS 

V 0 

(V) 

V| N 

(V) 

V DD 

(V) 

Quiescent Device 

Current, l|_ 

_ 

_ 

5 

0.02 

M A 

- 

— 

10 

0.02 

- 

- 

15 

0.02 

- 


20 

0.04 

Output Voltage: 

Low-Level, 

V 0 L 



0,5 

5 

0 

V 

- 

0, 10 

10 

0 

- 

0, 15 

15 

0 

High-Level, 

v OH 

- 

0,5 

5 

5 

- 

0, 10 

10 

10 

- 

0, 15 

15 

15 

Noise Immunity: 

Inputs Low, 

Vnl 

4.2 

_ 

5 

2.25 

V 

9 

- 

10 

4.5 

13.5 

- 

15 

6.75 

Inputs High 

V N H 

0.8 

- 

5 

2.25 

1 

- 

10 

4.5 

1.5 


15 

6.75 

Noise Margin: 

Inputs Low, 

V NML 

4.5 



5 

1 min. 

V 

9 

- 

10 

1 min. 

13.5 

- 

15 

1 min. 

Inputs High, 

V NMH 

0.5 

- 

5 

1 min. 

1 

- 

10 

1 min. 

1.5 

- 

15 

1 min. 

Output Drive 

Current: 

N-Channel 

(Sink), 

i d n 

0.4 


5 

0.8 

mA 

0.5 

- 

10 

1.8 

1.5 

- 

15 

6 

P-Channel 

(Source), 

' D p 

4.6 

- 

5 

-0.8 

2.5 

- 

5 

-3.2 

9.5 

- 

15 

-1.8 

13.5 

- 

15 

-6 

Input Leakage 

Current, l|i_, l||_| 

Any Input 

20 

±10 “ 5 

ma 

3-State Output 

Leakage Current, 

'OL- 'OH 

0, 20 

Forced 

(Output 

Disabled) 

20 

±10 - 4 

/xA 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40109B Types 

COS/MOS Quad Low-to-High Voltage Level Shifter 

High-Voltage Types (3-to-20-Volt Rating) 


The RCA-CD40109B contains four low-to- 
high-voltage level-shifting circuits. Each cir- 
cuit will shift a low-voltage digital-logic 
input signal (A, B, C, D) with logical 1 = Vcc 
and logical 0 = Vss to a higher-voltage out- 
put signal (E, F, G, H) with logical 1 = Vpp 
and logical 0 = VsS- 

The RCA-CD40109, unlike other low-to- 
high level-shifting circuits, does not require 
the presence of the high-voltage supply 
(Vdd) before the application of either the 
low-voltage supply (Vcc) or the input sig- 
nals. There are no restrictions on the se- 
quence of application of Vpp, Vqo, or the 
input signals. In addition, there are no 
restrictions on the relative magnitudes of 
the supply voltages or input signals within 
the device maximum ratings; Vcc ma Y 
exceed Vpp, and input signals may exceed 

Vcc and Vop. ^ en °P erated ' n t^ e mode 

Vcc ^ VdD' CD40109 will operate as 
a high-to-low level-shifter. 

The CD40109 also features individual three- 
state output capability. A low level on any 
of the separately enabled three-state output 
controls produces a high-impedance state in 
the corresponding output. 

The CD40109B-Serie$ types are supplied in 
16-lead ceramic dual-in-line packages (D, F, 
and Y suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 



* all inputs are 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


°F3 


Features: 

■ Independence of power supply sequence 

Vcc can exceed Vdd* * n P ut signals can exceed both 

vcc and Vdd 

■ Up and down level-shifting capability 

■ Three-state outputs with separate enable 
controls 

■ Quiescent current specified to 20 V 

■ Maximum input leakage current of 1 pA 
at 20 V (full-package-temperature range) 

■ Standard symmetrical output character- 
istics 


INPUT A 
ENABLE A — 
INPUT B 
ENABLE B 
INPUT C 
ENABLE C 
INPUT D 
ENABLE D 



92CS27C44 


CD40109 
FUNCTIONAL DIAGRAM 


5-V # 10-V, and 15-V parametric ratings 
Low quiescent power dissipation 


STATIC ELECTRICAL CHARACTERISTICS at T A =25° C 


CHARACTERISTIC 

CONDITIONS 

TYPICAL 

VALUES 

UNITS 

V 0 

(V) 

V|N 

(V) 

Vcc- 

VqD 

(V) 

Quiescent Device 
Current, 1 

_ 

_ 

5 

0.01 

pA 

- 

- 

10 

0.01 

- 

- 

15 

0.01 

- 

- 

20 

0.02 

Output Drive 

Current: 

N-Channel 

(Sink), 

i d n 

0.4 


5 

0.8 

mA 

0.5 


10 

1.8 

1.5 

- 

15 

6 

P-Channel 

(Source) 

'dP 

4.6 

- 

5 

-0.8 

2.5 

~ 

5 

-3.2 

9.5 


10 

-1.8 

13.5 

- 

15 

-6 

Output Voltage: 
Low-Level, 

V OL 

_ 

0,5 

5 

0 

V 

- 

0, 10 

10 

0 

- 

0, 15 

15 

0 

High-Level, 

v OH 

- 

0, 5 

5 

5 

- 

0, 10 

10 

10 

- 

0, 15 

15 

15 

Input Leakage 

Current, 

'lL- 1 IH 

Any Input 

20 

±10- 5 

M 

3-State Output 

Leakage Current 

'OL< 'OH 

Forced 

(Output 

Disabled) 

20 

±10~ 4 

PA 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


92CN-27S4S V 3S 

Fig. 1 — Functional block diagram for CD40109. 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For Ta = 

Full Package-Temperature Range) 

3 

18 

V 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40109B Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T^g) -65to+150°C 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, K, H -55 to +125° C 

PACKAGE TYPES E, Y -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (V QD ) 

(Voltages referenced to Vgg Terminal): -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T a = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to +20 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265° C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A =25° C; Input t r , t f =20ns, 
C L = 50 pF, R l = 200 K£l 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 


v cc 

(V) 

V DD 

(V) 

Data Propagation 


5 

10 

300 


Delay Time: 


5 

15 

240 

ns 

High-to-Low Level, 






tPHL 


10 

15 

200 




5 

10 

115 


Low-to-High Level, 


5 

15 

100 

ns 

tPLH 


10 

15 

70 


Output Enable 






Propagation Delay Times: 


5 

10 

60 


Output High to 


5 

15 

50 

ns 

High Impedance, tp^£ 


10 

15 

40 


Output Low to 

■g ■ 

■■ 


K9i 


High Impedance, tp|_£ 

mmm 


a 


ns 


|| 

i 

WM 

240 


High Impedance to 

| 



325 


Output High, tp^n 

mi 



225 

ns 


l i 

10 


185 


High Impedance to 


5 

10 

110 


Output Low, tp£|_ 


5 

15 

90 

ns 



10 

15 

50 


Transition Times, 


5 

10 

50 


tTHL^TLH 


5 

15 

40 

ns 



10 

15 

40 


Average Input Capacitance, C| 

Any Input 

5 

pF 


TRUTH TABLE 


MODE 

INPUTS 

OUTPUTS 

A, B, C, D 

ENABLE 

A, B, C, D 

E, F, G, H 

Low-to-high 

level shift 

0 

1 

0 

1 

1 

1 

X 

0 

z 


LOGIC 0= LOW(V SS ) X= DON'T CARE Z = HIGH IMPEDANCE 
LOGIC 1 = V CC at INPUTS and V DD at OUTPUTS 


Applications: 


■ High-or-low level-shifting with three-state 
outputs for unidirectional or bidirectional 
bussing 

■ Isolation of logic subsystems using separ- 
ate power supplies from supply sequenc- 
ing, supply loss and supply regulation 
considerations 




Fig. 2 — Output enable delay times test circuit 
and waveforms. 



92CS-27648 


Fig. 3 — input switching voltage vs. 
high-level supply voltage. 
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Fig. 4 — High-level supply voltage vs. 
low-level supply voltage. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40181B Types 


COS/MOS 4-Bit Arithmetic Logic Unit 

For MAXIMUM RATINGS see 'Ratings and 
High-Voltage Types (3-tO-20-Volt Rating) Characteristics.” at the beginning of the COS/MOS 

section. 


The RCA-CD40181B is a low-power four-bit 
parallel arithmetic logic unit (ALU) capable 
of providing 16* binary arithmetic operations 
on two four-bit words and 16 logical func- 
tions of two Boolean variables. The mode 
control input M selects logical (M = High) or 
arithmetic (M = Low) operation. The four 
select inputs (SO, SI, S2, and S3) select the 
desired logical or arithmetic functions, 
which include AND, OR, NAND, NOR, and 
exclusive— OR and— NOR in the logic mode, 
and addition, subtraction, decrement, left- 
shift and straight transfer in the arithmetic 
mode, according to the truth table. The 
CD40181B operation may be interpreted 
with either active-low or active-high data at 
the A and B word inputs and the function 
outputs F, by using the appropriate truth 
table. 

The CD40181B contains logic for full look- 
ahead carry operation for fast carry gener- 
ation using the carry-generate and carry- 
propagate outputs S and P for the four bits 
of the CD40181B. Use of the CD40182B 


look-ahead carry generator in conjunction 
with multiple CD40181B'S permits high- 
speed arithmetic operations on long words. 
A ripple carry output C n+ 4 is available for 
use in systems where speed is not of primary 
importance. 

Also included in the CD40181B is a com- 
parator output A = B, which assumes a high 
level whenever the two four-bit input words 
A and B are equal and the device is in the 
subtract mode. In addition, relative magni- 
tude information may be derived from the 
carry-in input C n and ripple carry-out out- 
put C n+ 4 by placing the unit in the subtract 
mode and externally decoding using the 
information in Figure 5. 

The CD40181B types are supplied in her- 
metic ceramic 24-lead dual-in-line packages 
(D suffix), 24-lead dual-in-line plastic pack- 
ages (E suffix), 24-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

The CD40181B is similar to industry type 
MC14581. 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 



V DD V SS V DD V ss 

92CS-27709 92CS-277I0 


Features: 

■ Full look-ahead carry for high-speed 
operations on long words 

■ Generates 16 logic functions of two 
Boolean variables 

■ Generates 16 arithmetic functions of 
two 4-bit binary words 

■ A = B comparator output available 

■ Ripple-carry input and output available 

■ Typical addition time: 200 ns @ Vpp * 10 V 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 //A at 20 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

■ 5-V, 10-V, and 15-V parametric ratings 


Applications: 

■ Parallel arithmetic units 

■ Process controllers 

■ Low-power minicomputers 


FUNCTION SELECT 


INPUTS 



V SS s 12 

Fig. 1 -Functional block diagram 
(active-low data ) 


Fig. 2 — Block diagram (active-low data) 


Fig. 3 — Block diagram (active-high data ) 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40181B Types 


STATIC ELECTRICAL CHARACTERISTICS at Ta - 25°C 


CHARACTERISTIC 

CONDITIONS 

TYPICAL 

VALUES 

UNITS 

V 0 

(V) 

V|N 

(V) 

Vdd 

<V) 

Quiescent Device 

Current, l|_ 

- 

- 

5 

0.02 

/iA 

- 

— 

10 

0.02 

_ 

- 

15 

0.02 

- 

- 

20 

0.04 

Output Voltage: 
Low-Level, 

VOL 

- 

0,5 

5 

0 

V 

- 

0,10 

10 

0 


0,15 

15 

0 

High-Level, 

VOH 

- 

0,5 

5 

5 

- 

0,10 

10 

10 

- 

0,15 

15 

15 

Noise Immunity: 

Inputs Low, 

V N L 

4.2 

- 

5 

2.25 

V 

9 

- 

10 

4.5 

13.5 

- 

15 

6.75 

Inputs High, 

Vnh 

0.8 

- 

5 

2.25 

1 

- 

10 

4.5 

1.5 

- 

15 

6.75 

Noise Margin: 

Inputs Low, 

V NML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

13.5 

- 

15 

1 Min. 

Inputs High, 

V NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

1.5 

- 

15 

1 Min. 

Output Drive: 

Current: 

N-Channel 

(Sink), 

•d n 

0.4 

- 

5 

0.8 

mA 

0.5 

- 

10 

1.8 

1.5 

- 

15 

6 

P-Channel 

(Source), 

' D p 

4.6 

- 

5 

-0.8 

2.5 

- 

5 

-3.2 

9.5 

- 

10 

-1.8 

13.5 

- 

15 

-6 

Input Leakage 

Current, 

■IL.'IH 

Any Input 

20 

—5 

±10 ° 

M 



Fig. 4 — CD40181B logic diagram (active-low data) 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; 


Input t r , tf = 20 ns, C|_ = 50 pF, R[_ = 200 K£2 


CHARACTERISTIC 

vdd 

(V) 

TYPICAL 

VALUES 

UNITS 

Propagation Delay Time: 
tPHL*tPLH_ _ 

A or B to F, G or P 

5 

10 

15 

450 

175 

140 

ns 

A or B to C n +4 or A=B; 

A or B to F (logic mode). 

5 

10 

15 

550 

220 

170 

ns 

C n to F or C n+4 , 

5 

10 

15 

250 

100 

80 

ns 

Transition Time: ty^L, l TLH 

5 

10 

15 

100 

50 

40 


Average Input Capacitance, Cj 
(Any Input) 

- 

5 

pF 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40181B Types 


TRUTH TABLE 


FUNCTION 

SELECT 

INPUTS/OUTPUTS ACTIVE LOW 

INPUTS/OUTPUTS ACTIVE HIGH 

LOGIC 
FUNCTION 
(M = H) 

ARITHMETIC* 
FUNCTION 
(M = L, C n -L) 

LOGIC 
FUNCTION 
(M = H) 

ARITHMETIC* 
FUNCTION 
(M = L,C n * H) 

S3 

S2 

SI 

so 

0 

0 

0 

0 

A 

A minus 1 

A 

A 

0 

0 

0 

1 

AB 

AB minus 1 

A + B 

A + B 

0 

0 

1 

0 

A + B 

AB minus 1 

AB 

A+B 

0 

0 

1 

1 

Logic 1 

minus 1 

Logic 0 

minus 1 

0 

1 

0 

0 

A + B 

A plus (A + B) 

AB 

A plus AB 

0 

1 

0 

1 

B 

AB plus (A + B) 

B 

(A + B) plus AS 

0 

1 

1 

0 

A© B 

A minus B minus 1 

A© B 

A minus B minus 1 

0 

1 

1 

1 

A + B 

A + B 

AB 

AB minus 1 

1 

0 

0 

0 

AB 

A plus (A + B) 

A + B 

A plus AB 

1 

0 

0 

1 

A© B 

A plus B 

A © B 

A plus B 

1 

0 

1 

0 

B 

Al plus (A + B) 

B 

(A +13) plus AB 

1 

0 

1 

1 

A + B 

A + B 

AB 

AB minus 1 

1 

1 

0 

0 

Logic 0 

A plus A 

Logic 1 

A plus A 

1 

1 

0 

1 

AB 

AB plus A 

A + B 

(A + B) plus A 

1 

1 

1 

0 

AB 

AB plus A 

A + B 

(A +B) plus A 

1 

1 

1 

1 

A 

A 

A 

A minus 1 


* Expressed as two's complement 


1 = HIGH LEVEL 
0 = LOW LEVEL 


ACTIVE - HIGH DATA ACTIVE - LOW DATA 


INPUT 

c„ 

OUTPUT 

Cn+4 

MAGNITUDE 


INPUT 

C n 

OUTPUT 

Cn+4 

MAGNITUDE 

1 

1 

A«B 


0 

0 

A«B 

0 

1 

A <B 


1 

0 

A <B 

1 

0 

A >B 


0 

1 

A>B 

0 

0 

A>B 


1 

1 

A>B 


1 = HIGH LEVEL 
0 = LOW LEVEL 

Fig. 5 — Use of C n and C n +4 for magnitude comparison. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40182B Types 

COS/MOS Look-Ahead Carry Generator 


High-Voltage Types (3-to-20-Volt Rating) 

The RCA-CD40182B is a high-speed look- 
ahead carry generator capable of anticipating 
a carry across four binary adders or groups 
of adders. The CD40182 is cascadable to 
perform full look-ahead across n-bit adders. 
Carry, propagate-carry, and gene rate-carry 
functions are provided as enumerated in the 
terminal designation table. 

The CD40182, when used in conjunction 
with the CD40181 arithmetic logic unit 
(ALU), provides full high-speed look-ahead 
carry capability for up to n-bit words. Each 
CD40182 generates the look-ahead (antici- 


pated carry) across a group of four ALU's. 
In addition, other CD40182's may be em- 
ployed to anticipate the carry across sections 
of four look-ahead blocks up to n-bits. Carry 
inputs and outputs of the CD40181 are 
active-high logic, and carry -generate (G) and 
carry-propagate (P) outputs are active-low. 
Therefore the inputs and outputs of the 
CD 40 182 are compatible. 

The CD40182B types are supplied in 16- 
lead hermetic dual-in-line ceramic packages 
(D, F, and Y suffixes), 16-lead dual-in-line 



plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form 
(H suffix). 

The CD40182B is similar to industry type 
MCI 4582. 

Features: 

■ Generates high-speeed carry across four 

adders or adder groups 

■ High-speed operation: 

tpHL = *PLH = 120 n * (*VP-> @ V DD “ 
10 V 

■ Cascadable for fast carries over N bits 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 pA at 20 V 

(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 

ture range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ High-speed parallel arithmetic units 

■ Multi-level look-ahead carry generation 

for long word lengths 


TERMINAL DESIGNATIONS 


DESIGNATION 

TERM. 

FUNCTION 

G0,G1,G2,G3 

3, 1,14,5 

Active-Low 

Carry -Generate 
Inputs 

P0,P7,P2^P3 

4, 2, 15, 6 

Active- Low 

Carry-Propagate 

Inputs 

Cn 

13 

Active-High 

Carry Input 

C n + X ' Cp+y, 

^n+z 

12, 11,9 

Active-High 

Carry Outputs 

G 

10 

Active- Low 

Group 

Carry -Gene rate 
Output 

p 

7 

Active- Low 

Group 

Carry-Propagate 

Output 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T^g) -65 to +150° C 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, K, H -55 to +125° C 

PACKAGE TYPES E, Y . -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal): -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE <P D ): 

FOR T a = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T a = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T a = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a * FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265° C 


RECOMMENDED OPERATING CONDITIONS at T A = 2?C, Except as Noted. 
For maximum reliability , nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply Voltage Range (ForT A = Full 
Package-Temperature Range) 

3 

18 

V 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T a =25° C; Input t r , tf = 20ns , = 50 pF, R L = 200 kVi 


CHARACTERISTIC 

Q — 
Q> 
> ~ 

TYPICAL 

VALUES 

UNITS 

Propagation Delay Time: 

5 

MEM 


tPHL-tPLH 

10 

KM 

ns 

P, G In to P, G Out and Carry Outs 

15 

MEM 



5 

400 


C n to Carry Outs 

10 

160 

ns 

15 

125 



5 

100 


T ransition Time: tjn |_, *TLH 

10 

50 

ns 


15 

40 


Input Capacitance, Cj (Any Input) 

- 

5 

pF 
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CQS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40182B Types 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25° C. 


CHARACTERISTIC 

CONDITIONS 

TYPICAL 

VALUES 

UNITS 

V 0 

(V) 

VlN 

(V) 

Vqd 

(V) 

Quiescent Device 
Current, lj_ 

_ 


5 

0.02 

MA 

- 

- 

10 

0.02 

- 

- 

15 

0.02 

- 

- 

20 

0.04 

Output Voltage: 
Low-Level, 

v OL 

_ 

0,5 

5 

0 

V 

- 

0, 10 

10 

0 

- 

0, 15 

15 

0 

High-Level, 

V 0H 

- 

0,5 

5 

5 

- 

0, 10 

10 

10 

- 

0, 15 

15 

15 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 



5 

2.25 

V 

9 

- 

10 

4.5 

13.5 

- 

15 

6.75 

Inputs High, 

V NH 

0.8 

- 

5 

2.25 

1 

- 

10 

4.5 

1.5 

- 

15 

6.75 

Noise Margin: 

Inputs Low, 

V NML 

4.5 

_ 

5 

1 min. 

V 

9 

- 

10 

1 min. 

13.5 

- 

15 

1 min. 

Inputs High, 

V NMH 

0.5 

- 

5 

1 min. 

1 

- 

10 

1 min. 

1.5 

- 

15 

1 min. 

Output Drive 

Current: 

N-Channel 

(Sink), 

i d n 

0.4 


5 

0.8 

mA 

0.5 

- 

10 

1.8 

1.5 

- 

15 

6 

P-Channel 

(Source), 

i d p 

4.6 

- 

5 

-0.8 

2.5 

- 

5 

-3.2 

9.5 

- 

10 

-1.8 

13.5 

- 

15 

-6 

Input Leakage 
Current, 

1 1 L' 'lH 

Any Input 

20 

±10~ 5 

/iA 


M3 t>° 



92CM- 27625 


Fig. 1 - CD40182 logic diagram. 


CD40182 Logic Equations: 


n+x 

ii 

CD 

O 

+ P0 

■c n 






n+y 

= G1 

+ P1 

•GO + PI • 

P0 ■ 

^n 




n+z 

= G2 

+ P2 

• G1 + P2 

•PI 

• GO 

+ P2 

■ PI 

C 1 

O 

o 

CL 

G 

= G3 

+ P3 

• G2 + P3 

• P2 

• G1 

+ P3 

P2 

• PI • GO 

P 

= P3~ 

• P2 ■ 

PI • P0 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40192B, CD40193B Types 

COS/MOS Presettable Up/Down Counters 
(Dual Clock with Reset) 

High-Voltage Types (3-to-20-Volt Rating) 

CD40192 — BCD Type CD40193 — Binary Type 


The RCA-CD40192B Presettable BCD Up/ 
Down Counter and the CD40193B Preset- 
table Binary Up/Down Counter each consist 
of 4 synchronously clocked, gated "D" type 
flip-flops connected as counters. The inputs 
consist of 4 individual jam lines, a PRESET 
ENABLE control, individual CLOCK UP 
and CLOCK DOWN inputs and a master RE- 
SET. Four buffered Q signal outputs as well 
as CARRY and BORROW outputs for mul- 
tiple-stage counting schemes are provided. 

The counter can be cleared so that all out- 
puts are in a low state by a high on the RE- 
SET line. A RESET can be accomplished 
asynchronously with the clock. Each out- 
put is individually programmable asynchron- 
ously with the clock to the level on the cor- 
responding jam input when the PRESET 
ENABLE control is low. 

The counter counts up one count on the 
positive clock edge of the CLOCK UP sig- 
nal provided the CLOCK DOWN line is 


high. The counter counts down one count 
on the positive clock edge of the CLOCK 
DOWN signal provided the CLOCK UP line 
is high. 

Both the CARRY and BORROW signals are 
normally high. The CARRY signal goes low 
when the counter reaches its maximum 

count in the count-up mode. The BORROW 
signal goes low when the counter reaches 

its minimum count in the count-down mode. 
Cascading of multiple packages is easily ac- 
complished without the need for additional 
external circuitry by tying the BORROW 
and CARRY outputs to the CLOCK DOWN 
and CLOCK UP inputs, respectively, of the 
succeeding counter package. 

The CD40192B and CD40193B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D, F, and Y suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +1 50° C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +1 25° C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal): -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (Pd): 

FOR Ta = -40 to +60° C (PACKAGE TYPES E, Y) 500 mW 

FOR T A = +60 to +85° C (PACKAGE TYPES E, Y) ... Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T A = +100 to +1 25°C (PACKAGE TYPES D, F, K) . . . . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VqD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265 C 


TRUTH TABLE 


CLOCK 

CLOCK 

PRESET 

RESET 

ACTION 

UP 

DOWN 

ENABLE 

— 

1 

1 

0 

COUNT UP 

-\ 

1 

1 

0 

NO COUNT 

1 

_/ 

1 

0 

COUNT DOWN 

1 


1 

0 

NO COUNT 

X 

X 

0 

0 

PRESET 

X 

X 

X 

1 

RESET 


1 = HIGH LEVEL 
0 - LOW LEVEL 
X = DON'T CARE 


PRESET 




ENABLE 






II 


J» 7 



— oi 

J2 — 



— Q2 





9 



7 

J 4 — 



— 04 

CLOCK UP — 



— BORROW 

CLOCK DOWN — 



— CARRY 



14 


RESET — 

1 


< 

o 

o 

5 




VSS = 8 


92CS- 27561 

CD40192, CD40193 

FUNCTIONAL DIAGRAM 


Features: 

■ Individual clock lines for counting up or 

counting down 

■ Synchronous high-speed carry and bor- 

row propagation delays for cascading 

■ Reset and Preset capability 

■ Medium-speed operation— fQL = 7 MHz 

(typ.) @ 10 V 

■ Quiescent current specified to 20 V 

■ Maximum input leakage of 1 juA at. 20 V 

(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 

ture range) 

■ 5-V, 10-V, and 15-V parametric ratings 


Applications: 

■ Up/down difference counting 

■ Multistage ripple counting 

■ Synchronous frequency dividers 

■ A/D and D/A conversion 

■ Programmable binary or BCD counting 





^ V 

CL0CI 

1 

r i 

^ r— — 


1 

I 

1 

! # 1 

K» s -*i 

Q OUT — 

1 





1 U- 



1 

PHL| 

RESET OR PRESET REM0V/ 


SETUP TIME 
92CS- 27562 


Fig. 1 - Timing diagram. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40192B, CD40193B Types 


RECOMMENDED OPERATING CONDITIONS For maximum reliability, nominal 
operating conditions should be selected so that operation is always within the fol- 
lowing ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For T^= Full Package- 
Temperature Range) 

3 

18 

V 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25'C 


CHARACTERISTIC 

CONDITIONS 

TYPICAL 

VALUES 

UNITS 

v o 

(V) 

V IN 

(V) 

V DD 

(V) 

Quiescent Device 

Current, II 

- 

- 

5 

0.02 

mA 

- 

- 

10 

0.02 

- 

- 

15 

0.02 

- 

- 

20 

0.04 

Output Voltage: 

Low-Level, 

V 0 L 

- 

0, 5 

5 

0 

V 

- 

0, 10 

10 

0 

- 

0. 15 

15 

0 

High-Level, 

v OH 

- 

0, 5 

5 

5 

- 

0, 10 

10 

10 

- 

0, 15 

15 

15 

Noise Immunity: 

Inputs Low, 

v nl 

4.2 

- 

5 

2.25 

V 

9 

- 

10 

4.5 

13.5 

- 

15 

6.75 

Inputs High 

V NH 

0.8 

- 

5 

2.25 

1 

- 

10 

4.5 

1.5 

- 

15 

6.75 

Noise Margin: 

Inputs Low, 

V NML 

4.5 

- 

5 

1 Min. 

| 

V 

9 

- 

10 

1 Min. 

13.5 

- 

15 

1 Min. 

Inputs High, 

V NMH 

0.5 

- 

5 

1 Mm. 

1 

- 

10 

1 Min. 

1.5 

- 

15 

1 Min. 

Output Drive 

Current: 

N-Channel 

(Sink), 

l D N 

0.4 


5 

0.8 

mA 

0.5 

- 

10 

1.8 

1.5 

- 

15 

6 

P-Channel 

(Source), 

'dp 

4.6 

- 

5 

-0.8 

2.5 

- 

5 

-3.2 

9.5 

- 

10 

-1.8 

13.5 

- 

15 

-6 

Input Leakage 

Current, l|j_, l|H 

Any Input 

20 

i+ 

o 

it 

pA 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25'C; Input t r ,t f = 20 ns, C L =50 pF, 


r l = 200 m 


CHARACTERISTIC 

V DD 

(V) 

TYPICAL 

VALUE 

UNIT 

Transition Time; t-|-|_|^, t-p^H 

5 

100 



10 

50 

ns 


15 

40 


Propagation Delay Time: 

5 

200 


X PHU X PLH 

10 

100 

ns 

CLOCK UP or CLOCK DOWN to Q 

15 

80 


CLOCK UP or CLOCK DOWN 

5 

150 


to 

10 

75 

ns 

BORROW or CARRY 

15 

60 



5 

200 


RESET or PRESET to Q 

10 

100 

ns 


15 

80 


RESET or PRESET 

5 

280 


to 

10 

140 

ns 

BORROW or CARRY 

15 

110 


Minimum RESET, 

5 

175 


PRESET, or CLOCK 

10 

70 

ns 

Pulse Width, tyy 

15 

60 


Maximum CLOCK 

5 

3 


Input Frequency, fQj_ 

10 

7 

MHz 


15 

8 


Minimum RESET or PRESET 

5 

150 


ENABLE Removal 

10 

80 

ns 

Setup Time*, tg 

15 

60 


Input Capacitance, C ( 

- 

5 

pF 

(Any Input) 





* The time required for RESET or PRESET ENABLE control to be removed before clocking. 



ENABLE 

92CS- 27563 

Fig. 2 — Cascaded counter packages. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40194B Types 

COS/MOS 4-Bit Bidirectional Universal Shift Register 

High-Voltage Types (3-to-20-Volt Rating) 


The RCA-CD40194B is a universal shift reg- 
ister featuring parallel inputs, parallel out- 
puts, SHIFT RIGHT and SHIFT LEFT serial 
inputs, and a direct overriding clear input. 
In the parallel-load mode (SO and SI are 
high), data is loaded into the associated flip- 
flop and appears at the output after the posi- 
tive transition of the CLOCK input. During 
loading, serial data flow is inhibited. Shift 
right and shift left are accomplished syn- 
chronously on the positive clock edge with 
data entered at the SH I FT R I GHT and SH I FT 
LEFT serial inputs, respectively. Clocking 
of the register is inhibited when both mode 
control inputs are low. The mode controls 
should be changed only when the CLOCK 
input is low. When low, the RESET input 
resets all stages and forces all outputs low. 


The CD40194B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, 
F, and Y suffixes), 16-lead dual-in-line plas- 
tic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H suf- 
fix). 

The CD40194 is similar to industry type 
340194. 


DO — 
Dl — 
D2 — 

D3 — 
SHIFT 
. LEFT 


MODE 

SELECT 


So 9 


00 

Ql 

Q2 

Q3 


V DD = 
VSS “ 


92CS-24822R2 


CD40194B 

FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability , nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (ForT/\ = 

Full Package-Temperature Range) 

3 

18 

V 


DYNAMIC ELECTRICAL CHAR ACTE RISTICS at T A = 25° C; Input t r , tf= 20 ns, 
C L = 50 pF, R l = 200 KQ. 




TYPICAL 

UNITS 

CHARACTERISTIC 

V DD 

VALUES 


(V) 


Propagation Delay Time: 

5 

375 


tPLH' tPHL 

10 

150 

ns 

Clock to Q 

15 

110 



5 

375 


RESET to Q, tp|_||_ 

10 

150 

ns 

15 

110 



5 

100 


Output Transition Time 

10 

50 

ns 

tTLH'tTHL 

15 

40 


Minimum Setup Time: tg 

5 

60 


DO, Dl, D2, D3, SR, SL 

10 

25 

ns 

to Clock 

15 

20 



5 

170 


SO, SI to Clock 

10 

70 

ns 


15 

50 


Minimum Hold Time: t|_j 

5 

0 


DO, Dl, D2, D3, SR, SL, SO, SI 


0 

■ 

to Clock 

15 

0 


Minimum Pulse Width: t ^ 

5 

85 


10 

35 

| 

Clock 

15 

25 



5 

160 

WTntiTiiM 

RESET 

10 

65 

ns 


15 

45 



5 

4 


Maximum Clock Input 

10 

9 

MHz 

Frequency, fQ|_ 

15 

12 


Average Input Capacitance, C| 


5 

pF 

(Any Input) 




Features: 

■ Medium-speed operation: f(jL = 9 MHz 

(typ.) @ V DD = 10 V 

■ Fully static operation 

■ Synchronous parallel or serial operation 

■ Asynchronous master reset 

■ Quiescent current specified to 20 V 

■ Maximum input leakage current of 1 juA at 

20 V (full package-temperature range) 

■ 1-V noise margin (full package-tempera- 

ture range) 

■ 5-V, 10-V, and 15-V parametric ratings 

Applications: 

■ Arithmetic unit registers 

■ Serial/parallel conversions 

■ General-purpose registers 


TRUTH TABLE 



SO 

E 


ACTION 

RESET 


□ 

m 

— 

Do-Nothing 


D 

E 

1 

Shift Right (Q0 toward Q3) 


D 

n 

1 

Shift Left (Q3 toward Q0) 


D 

n 

u 

Parallel Load 


B 

E 

| 

Reset 


1 = HIGH LEVEL 
0= LOW LEVEL 
X = DON'T CARE 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40194B Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T stg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ): o 

PACKAGE TYPES D, F, K, H -55to+125 Q C 

PACKAGE TYPES E, Y -40 to +85 C 

DC SUPPLY-VOLTAGE RANGE, <V DD ) 

(Voltages referenced to V$s Terminal) -0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (P D ): 

FOR T A = -40 to +60° C (PACKAGE TYPES E, Y) q . . 500 mW 

FOR T A = +60 to +85° C (PACKAGE TYPES E, Y) Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) q . . 500 mW 

FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) . . . . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V QD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


STATIC ELECTRICAL CHARACTERISTICS at T A =25°C 



CONDITIONS 

TYPICAL 

VALUES 


CHARACTERISTIC 

v 0 

(V) 

V|N 

(V) 

Q > 
> ^ 

UNITS 

Quiescent Device 


- 

5 

0.02 


Current, l|_ 

- 

- 

10 

0.02 

[XfK 


- 

- 

15 

0.02 


- 

- 

20 

0.04 


Output Voltage: 
Low-Level 

VOL 

- 

0,5 

5 

0 


_ 

0, 10 

10 

0 


_ 

0, 15 

15 

0 

V 

High-Level, 

VOH 

— 

0,5 

5 

5 

- 

0, 10 

10 

10 



— 

0, 15 

15 

15 


Noise Immunity: 

Inputs Low, 

V|VIL 

4.2 

_ 

5 

2.25 


9 

— 

10 

4.5 


13.5 

— 

15 

6.75 

V 

Inputs High, 

VNH 

0.8 

_ 

5 

2.25 

1 

- 

10 

4.5 



1.5 

- 

15 

6.75 


Noise Margin: 

Inputs Low, 

VnML 

4.5 

_ 

5 

1 Min. 


9 

- 

10 

1 Min. 


13.5 

— 

15 

1 Min. 


Inputs High, 

VNMH 

0.5 

__ 

5 

1 Min. 

V 

1 

- 

10 

1 Min. 



1.5 

- 

15 

1 Min. 


Output Drive 

Current: 

N-Channel 

0.4 

— 

5 

0.8 


0.5 

- 

10 

1.8 


(Sink), 

idn 

1.5 

- 

15 

6 

mA 

P-Channel 

(Source), 

IdP 

4.6 

— 

5 

-0.8 


2.5 

- 

5 

-3.2 


9.5 

- 

10 

-1.8 



13.5 

_ 

15 

-6 


Input Leakage 

Current, 

Any Input 

20 

+ 10 -5 

H A 

•lL. IlH 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40257B Types 
COS/MOS Quad 2-Line-to-1-Line 
Data Selector/Multiplexer 

High-Voltage Types (3-to-20-Volt Rating) 


The RCA-CD40257B is a Data Selector/Multi- 
plexer featuring three-state outputs which 
can interface directly with and drive data 
lines of bus-oriented systems. 


The CD40257B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D, F, 
and Y suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 



CD40257 Functional Diagram 


Features: 


MAXIMUM RATINGS, Absolute- Maxi mum Values: 

STORAGE-TEMPERATURE RANGE (T $tg ) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F, K, H ; . . . .-55to+125°C 

PACKAGE TYPES E, Y -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vgg Terminal) : —0.5 to +20 V 

POWER DISSIPATION PER PACKAGE (Pp): 

FOR T A = -40 to +60°C (PACKAGE TYPES E, Y) 500 mW 

FOR T A = +60 to +85°C (PACKAGE TYPES E, Y) . . . Derate Linearly at 12 mW/°C to 200 mW 

FOR T A = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T a = -+1 00 to +125°C (PACKAGE TYPES D, F, K) . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER QUTPUT TRANSISTOR 

FOR T a = FULL-PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . . . 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vp D +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For T A = Full Package - 
Temperature Range) 

3 

18 

V 


■ 3-State outputs 

■ Quiescent current specified to 20 V 

■ Maximum input leakage current of 1 juA 
at 20 V (full-package-temperature range) 

■ IV noise margin (full package-temperature 
range) 

■ 5-V, 10-V and 15-V parametric ratings 
Applications: 

■ Digital Multiplexing 

■ Shift-right/shift-left registers 

■ True/complement selection 


TRUTH TABLE 


INPUTS 

OUTPUT 

3-STATE 

OUTPUT 

DISABLE 

SELECT 

A 

B 

D 

1 

X 

X 

X 

z 

0 

0 

0 

X 

0 

0 

0 

1 

X 

1 

0 

1 

X 

0 

0 

0 

1 

X 

1 

1 


X = DON'T CARE LOGIC 1 = HIGH 
LOGIC 0 = LOW Z = HIGH IMPEDANCE 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r , t f = 20 ns, 
C L = 50 pF, R L = 200 K£2 



TEST CONDITIONS 




CHARACTERISTIC 


V DD 

TYPICAL 

UNITS 



(V) 

VALUES 


Propagation Delay Time: 


5 

130 


Data Input to Output, 


10 

60 

ns 

tpHL- tPLH 


15 

40 




5 

160 


Select to Output, 


10 

70 

ns 

t PHL> tPLH 


15 

50 


Output Disable to Output, 


5 

10 

95 

45 

ns 

tPHL' tPLH 


15 

35 


Transition Time, 


5 

100 




10 

50 

ns 

tTHL- ^LH 


15 

35 


Input Capacitance, C| 

Any Input 

- 

5 

pF 



92CS-27322 

Fig. 1 - Logic diagram for CD40257B. 
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COS/MOS DIGITAL INTEGRATED CIRCUITS 


Preliminary CD40257B Types 

STATIC ELECTRICAL CHARACTERISTICS at T A - 25°C 


Characteristic 


Conditions 

TYP. 

Units 



V 0 

(V) 

V|N 

(V) 

V DD 

(V) 

VALUES 


Quiescent Device Current : 

'L 

- 

- 

5 

0.02 


- 

- 

10 

0.02 

a<a 



- 

~ 

15 

0.02 



- 

- 

20 

0.04 


Output Voltage: 

Low-Level, 


- 

0,5 

5 

0 


Vql 

- 

0,10 

10 

0 


- 

0,15 

15 

0 

V 



_ 

0,5 

5 

5 


High Level, 

X 

o 

> 

- 

0,10 

10 

10 




- 

0,15 

15 

l 5 


Noise Immunity: 

Inputs Low, 


4.2 

- 

5 

2.25 



9 

- 

10 

4.5 


V NL 

13.5 

- 

15 

6.75 

V 



0.8 

- 

5 

2.25 


Inputs High, 

Vnh 

1 

- 

10 

4.5 




1.5 

- 

15 

6.75 


Noise Margin: 


4.5 

- 

5 

1 Min. 


Inputs Low, 

V NML 

9 

- 

10 

1 Min. 


13.5 

- 

15 

1 Min. 

V 



0.5 

- 

5 

1 Min. 


Inputs High, 

V NMH 

1 

- 

10 

1 Min. 




1.5 

- 

15 

1 Min. 


Output Drive Current: 
N-Channel (Sink), 


0.4 

- 

5 

0.8 



0.5 

- 

10 

1.8 



1.5 

- 

15 

6 




4.6 

- 

5 

-0.8 

mA 

P-Channel (Source), 

*D P 

2.5 

- 

5 

—3.2 


9.5 

- 

10 

-1.8 




13.5 

- 

15 

-6 




Any Input 




Input Leakage Current, 

■lL- 'lH 



20 

±10 -5 

\UK 

3-State Output Leakage 
Current : 

'OL- 'OH 

Forced (Output 
Disabled) 

0,20 | - | 20 

+10- 4 

pA 
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MEMORY INTEGRATED CIRCUITS 


Classification Charts 


Type No. 

Organization 

Operation 

No. of 

Pins 

Access 

Time 

(ns-max) 

Power 

Supply 

(V) 

Operating 

Power 

(mW-typ) 

Comments 

CMOS Memories 


CD4036AD 

4x8 

static 

24 

400 

mam 

6 \ 

CMOS I/O, 

CD4036AK 

4x8 

static 

24 

400 



decoded 

CD4039AD 

4x8 

static 

24 

400 

!■ 

6 \ 

CMOS I/O, 

CD4039AK 

4x8 

static 

24 

400 


6 f 

direct address 

CD4061AD 

256 x 1 

static 

16 

380 

nfl 

40 ) 

CMOS input. 

CD4061AH 

256 x 1 

static 

- 

380 

10 

40 f 

3-state output 

■ CD40024D 

32 x 8 

static 

18 





■ CD40032D 

512 x 8 

ROM 

24 

400 typ 

10 

20 \ 

mask- 

■ CD40032E 

512 x 8 

ROM 

24 

400 typ 

10 

20 f 

programmable 

CD40061 E 

256 x 1 

static 

16 

300 typ 

5 

25 1 

CMOS input, 

CD40061 AD 

256 x 1 

static 

16 

1 50 typ 

10 

100 / 

3-state output 

CD40061 AE 

256 x 1 

static 

16 

150 typ 

10 

100 ) 



NMOS Memories 


MW4050D 

4096 x 1 

dynamic 

18 

300 

12, -5 

420 j 



MW4050DV 1 

4096 x 1 

dynamic 

18 

250 

12,-5 

420 


open-drain output 

MW4050DV2 

4096 x 1 

dynamic 

18 

200 

12,-5 

420 ) 


■ MW4051D 

4096 x 1 

dynamic 

18 

300 

12, -5 

460 

1 

TTI rlnrk 

■ MW4051DV1 

4096 x 1 

dynamic 

18 

250 

12,-5 

460 

k. 


■ MW4051 DV2 

4096 x 1 

dynamic 

18 

200 

12, -5 

460 1 


open-drain output 

MW4060D 

4096 x 1 

dynamic 

22 

300 

12, iS 

400 











3-state output, 

MW4060DV1 

4096 x 1 

dynamic 

22 

250 

12, ±5 

400 



MW4060DV2 

4096 x 1 

dynamic 

22 

200 

12, ±5 

400 ' 



■ MW4101D 

256 x 4 

static 

22 

400 

5 

125 


■ MW4101DV1 

256 x 4 

static 

22 

300 

5 

125 


■ MW4101DV2 

256x4 

static 

22 


5 

125 


■ MW4104D 

4096 x 1 

dynamic 

16 


12, iS 

380 


■ MW4104DV1 

4096 x 1 

dynamic 

16 


12, ±5 

380 


■ MW4104DV2 

4096 x 1 

dynamic 

16 

250 

12, iS 

380 


■ MW4111D 

256 x 4 

static 

18 

400 

5 

125 


■ MW4111DV1 

256 x 4 

static 

18 

300 

5 

125 


■ MW4111DV2 

256 x 4 

static 

18 


5 

125 


■ MW4112D 

256x4 

static 

16 


5 

125 


■ MW4112DV1 

256x4 

static 

16 

300 

5 

125 


■ MW4112DV2 

256 x 4 

static 

16 

250 

5 

125 


MW7001 ID 

1024 x 1 

static 

22 

60 

15,8, -3 

360 


differential output. 








i 

charge pump 


SOS Memories 


MWS5001 D 

1024 x 1 

static 

16 

150 typ 

5 

4 1 

3-state output 

■ MWS5001 AD 

1024 x 1 

static 

16 

80 typ 

5 

6 ) 

MWS5040D 

256x4 

static 

22 

150 typ 

5 

4 £ 

3-state output 

■ MWS5040AD 

256x4 

static 

22 

80 typ 

5 

6 f 

■ MWS5080D 

128x8 

static 

24 

150 typ 

5 

4 


■ MWS5114D 

1024 x 4 

static 

18 

175 typ 

5 

25 


MWS5501 D 

1024 x 1 

static 

16 

90 typ 

10 

20 

3-state output 

MWS5540D 

256x4 

static 

22 

90 typ 

10 

20 

3-state output 


■ To be announced 
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MEMORY INTEGRATED CIRCUITS 


Replacement Guide 


Industry RCA 

Type Direct 

No. Replacement 

Advanced Micro Devices 
AM2101 «MW4101 

AM9050 MW4050 

AM9060 MW4060 

AM9101 ■MW4101 

AM9111 -MW4111 

AM9112 -MW4112 

American Microsystems, Inc. 
S4021 MW4060 

S4096 "MW4104 

S5101 
S6810 


Advanced Memory Systems 


AMS5001 

AMS7001 1 

AMS7101 

AMS7111 

AMS7112 

AMS7280 


MW7001 1 

■ MW4101 

■ MW4111 

■ MW4112 
MW4060 


Cambridge Memories 
3701 


Fairchild Semiconductor 

34720 

93415 

93425 


Harris Electronics 


HM7640 

Intersil 

IM6508 

Intel 

2101 

2104 

2107 

2111 

2112 

2115 

2125 

2704 

3604 

5101 


■ MW4101 

■ MW4104 
MW4060 

■ MW4111 

■ MW4112 


RCA 

Pin-Compatible 

Types 


MWS5040, MWS5540 


MWS5040, MWS5540 


MWS5040, MWS5540, MW4101 - 
MWS5080" 

MWS5001 

MWS5040, MWS5540 


MW7001 1 

CD4061, CD40061 
MWS5001, MWS5501 
MWS5001 , MWS5501 

CD40032" 

MWS5001, MWS5501 
MWS5040, MWS5540 


MWS5001 , MWS5501 
MWS5001, MWS5501 
CD40032" 

CD40032" 

MW4101*, MWS5040, MWS5540 


■To be announced 


Industry RCA 

Type Direct 

No. Replacement 

Monolithic Memories, Inc. 

6340 

Mostek 

MK4027 «MW41 04 

MK4096 

Motorola 

MCM6604 «MW4104 

MCM6810 

MCM7001 1 MW7001I 


National Semiconductor 


MM2101 

■ MW4101 

MM2111 

■ MW4111 

MM2112 

■ MW4112 

MM5280 

MW 4060 

Nippon Electric Co. 

/uPB2205 

MPD411 

MW4060 

Nortek 

70011 

Signetics 

MW7001I 

2604 

93415 

82S08 

82S11 

MW4060 

Solitron 

CM4036 

CD4036 

CM4039 

CD4039 

Synertek 

SY2101 

■ MW4101 

SY2111 

■ MW4111 

SY2112 

SY5101 

■ MW4112 

SY5280 

MW4060 

Texas Instruments 

TMS2101 

■ MW4101 

TMS4050 

MW 4050 

TMS4051 

■ MW4051 

TMS4060 

MW 40 60 

TMS7001 1 

MW7001 1 

Toshiba 

TC4061 

CD4061 


RCA 

Pin-Compatible 

Types 

CD40032" 


MW4104" 


MWS5080* 


MWS5040, MWS5540 


MWS5001 , MWS5501 


MWS5001, MWS5501 
MWS5001 , MWS5501 
MWS5001, MWS5501 


MWS5040, MWS5540 


MW4101 ", MWS5040, MWS5540 


MWS5040, MWS5540 
MW4051" 

MW4050 


CD40061 
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MEMORY INTEGRATED CIRCUITS 


CD4036A, CD4039A Types 

COS/MOS 4-Word by 8-Bit 
Random- Access NDRO Memory 

Binary Addressing CD4036AD, CD4036AK 

Direct Word-Line Addressing CD4039AD, CD4039AK 


RCA type CD4036A is a single monolithic integrated circuit 
containing a 4-word x 8-bit Random Access NDRO Memory. 
Inputs include 8 INPUT-BIT lines, CHIP INHIBIT, WRITE, 
READ INHIBIT, MEMORY BYPASS, and 2 ADDRESS 
inputs. 8 OUTPUT-BIT lines are provided. 

All input and output lines utilize standard COS/MOS inverter 
configurations and hence can be directly interfaced with 
COS/MOS logic devices. 

CHIP INHIBIT allows memory word expansion by WIRE- 
ORing of multiple CD4036A packages at either the 8-bit 
input and/or output lines (See Fig. 15). With CHIP INHIBIT 
"high", both READ and WRITE operations are inhibited on 
the CD4036A. With CHIP INHIBIT "low", information can 
be written into and/or read continuously from one of the 
four words selected by the binary code on the two address 
lines. With CHIP INHIBIT "low", a "high" WRITE signal and 
a "low" READ INHIBIT signal activate WRITE and READ 
operations, respectively, at the addressed word location 
(See Fig.4). 

The MEMORY BYPASS signal, when "high", allows shunting 
of information from the 8 INPUT -BIT lines directly to the 8 


MAXIMUM RATINGS, Absolute-Maximum Values: 


Storage Temperature Range 

Operating Temperature Range . . . 
DC Supply Voltage Range 

(V DD - v S s) 

Device Dissipation (Per Pkg.) 

All Inputs 


-65 to +150 oc 

-55 to +125 OC 

-0.5 to +15 V 

200 mW 

VSS ^ V I^ V DD 


OUTPUT-BIT lines without disturbing the state of the 4 
words. During the bypass operation input information may 
also be written into a selected word location, provided the 
CHIP INHIBIT is "low" and the WRITE is "high". The 
READ operation is deactivated during the BYPASS oper- 
ation because information is fed directly from the 8 
INPUT-BIT lines Jo the 8 OUTPUT BIT lines. 

RCA type CD4039A is identical to the CD4036A with the 
exception that individual address-line inputs have been 
provided for each memory word in place of the binary 
ADDRESS, CHIP INHIBIT, and READ INHIBIT inputs. 
When Wire-Oring multiple CD4039A packages for memory 
word expansion, an individual CD4039A is selected by 
addressing one of its word locations. The READ operation is 
activated whenever a word location is addressed (via a "high' 
signal— see Fig. 5). 

These devices will be supplied in two different 24-lead 
ceramic packages; the CD4036AK and CD4039AK in the 
flat-pack, and the CD4036AD and CD4039AD in the 
dual-in-line package. 


Recommended DC Supply Voltage 

(Vqd “ V SS) 3 to 15 V 

Lead Temperature (During soldering) 

At distance 1/16 ±1/32 inch 
(1.59 ±0.79 mm) from case 

for 1 0 seconds max 265 °C 


STATIC ELECTRICAL CHARACTERISTICS (All inputs V S S < V, < V DD ) 

(Recommended DC Supply Voltage (Vqp — V 55) 3 to 15 V) 


CHARACTERISTIC 

SYMBOL 


LIMITS 

UNITS 

CHARAC- 

TERISTIC 

CURVES 
& TEST 
CIRCUITS 
Fig. No. 

TEST 

CONDITIONS 

CD4036AD, CD4036AK 

CD4039AD, CD4039AK 


vo 

Volts 

VDD 

Volts 

— 55°C 

25°C 

125°C 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Quiescent Device 

Current 

>L 



5 

- 

- 

5 

- 

0.5 

5 

_ 

_ 

300 

pA 

11,12 


10 

- 

- 

10 

- 

1 

10 

- 

- 

600 

Quiescent Device 

Dissipation/Package 

PD 



5 

- 

- 

25 

- 

2.5 

25 

- 

- 

1500 

pW 

- 


10 

_ 

_ 

100 

_ 

10 

100 

_ 

_ 

6000 

Output Voltage: 
Low-Level 

VOL 



5 

- 

u 

PHI 

- 

— 1 

831 

_ 

g 


m 

- 


IBM 

- 

H|; 

nm 

- 

■H 


_ 

a 


High-Level 

VOH 



HM 


■ 

m 

m 

5 

a; 


_ 

g 

u 

- 


10 


m 



■a 

89 


_ 

aa 

Noise Immunitv 

(All inputs except 
bit inputs when 
in memory by- 
pass mode.) 


■ 

EH 

5 

1.5 

- 

- 

1.5 


- 

1.4 

- 


| 

13 

m 

tm 

3 

- 

_ 

3 

EB 

_ 

mm 

_ 

91 

Vnh 



EB 

* 

1.4 

- 

- 

1.5 



,.s 

_ 

mm 


Hi 

HI 

- 

- 

3 

a 

- 


- 

m 

Output Drive Current: 

N Channel 

IdN 

Nor- 

mal 

Read 

Modes 


m 


- 

_ 

0.10 

0.20 

_ 


_ 

_ 



m 

m 


_ 

_ 

0.25 

0 50 

_ 


_ 

_ 

P-Channel 


si 



B 

- 



B 


- 

~ 

mA 

7 


tm 

-0.30 

_ 

_ 

HUa 

EH 

a 

ffTTH 

_ 

_ 


Output Drive Current: 
N-Channel 

IdN 

Mem- 

ory 

By- 

0.5 

5 

0.04 

_ 

_ 


IHHf 

_ 

0.02 

_ 

_ 



0.5 

10 

0.09 

_ 

_ 

0.075 

0.15 

_ 

0.05 

_ 

_ 


P Channel 

'dp 

pass 

Mode 

+ 

4.5 

5 

-0.04 

- 

- 

-0.03 

-0.06 

- 

-0.02 

- 

- 

mA 


9.5 

10 

-0.09 

_ 

_ 

-0.075 

-0.15 

_ 

- -0.05 

_ 

_ 


Input Current 

ll 


_ 

- 

- 

_ 

- 

- 

10 

- 

- 

- 

- 

PA 

- 


+ Bit inputs driven from low-impedance driver. 


Special Features: 

■ COS/MOS logic compatibility at all input and output terminals 

■ Memory bit expansion 

■ Memory word expansion via Wire-0 R capability at the 
8 INPUT-BIT and 8 OUTPUT-BIT lines 

■ Memory bypass capability for all bits 

■ Buffering on all output; 

a CD4036A- on-chip binary address decoding, separate READ 
INHIBIT and WRITE controls 
a Access Time— 200 ns(Typ) at Vdd*10 V 
a CD4039A-Direct word-line addressing 

Applications: 

Digital equipment where low power dissipation and/or high 
noise immunity are primary design requirements, 
a Channel Preset Memory in digital frequency-synthesizer 
circuits 

■ General-purpose and scratch-pad memory in COS/MOS and 
other low-power systems. 




BIT OUTPUTS 

92CS- 19935 


Fig. 1 — CD4036A — Logic block diagram. 


1 





a 





■ 









l 










1 





B 





m 






Fig.2 — Operating-mode truth table. 


A1 

Pin 1 

AO 

Pin 23 

Addressed 

Word 

L 

L 

Word 1 

L 

H 

Word 2 

H 

L 

Word 3 

H 

H ,1 

Word 4 


L = Low-Level Voltage, 
H = High-Level Voltage 


Fig.3 — Address truth table. 
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MEMORY INTEGRATED CIRCUITS 


CD4036A, CD4039A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C and Cl = 15 pF 
Typical Temperature Coefficient for all values of Vqd = 0.3%/°C 


CHARACTERISTICS 

SYMBOLS 

TEST 

CONDITIONS 


CD4036AD, CD4036AK 
CD4039AD, CD4039AK 

UNITS 

CHARAC- 
TERISTIC 
CURVES 
& TEST 
CIRCUITS 

vdd 

Volts 

Min. 

Typ. 

Max. 

Read Delay Time: 
(Access time) 

Read Inhibit (RI) 

trd 

OUTPUT TIED 
THROUGH 100 kft 

TO Vss FOR DATA 
OUTPUT "HIGH" 

AND TO Vqd FOR 
DATA OUTPUT 
"LOW" 

5 

_ 

375 

750 

ns 

Note 4 

4,5 

10 

- 

150 

300 

Chip Inhibit (Cl) 

5 

_ 

500 

1000 

ns 

Note 4 

4,5 

10 

_ 

200 

400 

Memory Bypass 
(MB) 

5 

_ 

375 

750 

ns 

4.5 

10 

- 

150 

300 

Addressl (ADD) 

5 

- 

500 

1000 

ns 

4,5,8 

10 

- 

200 

400 

Write Set-up Time 2 

tws 


5 

250 

125 

- 

ns 

4,5 

10 

100 

50 

- 

Write Removal Time3 

tWR 


5 

0 

0 

- 

ns 

4,5 

10 

0 

0 

- 

Write Pulse Duration 

tw 


5 

150 

75 

- 

ns 

4,5 

10 

60 

30 

- 

Data Set-up Time^ 

tDS 


5 

- 

0 

0* 

ns 

4,5 

10 

- 

0 

0* 

Data Overlap Time^ 

tDO 


5 

100» 

50 

- 

ns 

4,5 

10 

40« 

20 

- 

Output Transition Time 

tTHL. 


5 

- 

200 

400 


9 

T TLH 


10 

- 

100 

200 

ns 

Input Capacitance 

C| 

Any Input 


- 

5 

- 

pF 

- 


1. For CD4036A only, remove 100-kf2test condition and write all 1's in word one, and all 0's in word two, or vice-versa. 

2. Delay from change of ADDRESS or CHIP-INHIBIT signals to application of WRITE pulse. 

3. Delay from removal of WRITE pulse to change of ADDRESS or CHIP-INHIBIT signals. 

4. Values for CD4036AD & 4036AK only. 

5. The time that DATA signal must be present before the WRITE pulse removal. 

* Max. indicates satisfactory operation if tQS equals or exceeds this value. 

6. The time that DATA signal must remain present after the WHITE pulse removal. 


• Min. indicates satisfactory operation if tQQ equals or exceeds this value. 



Fig.6— Typical n-channel drain characteristics. 



OR A IN -TO - SOURCE VOLTAGE (V D S> — V 



Fig. 7 -Typical p-channel drain characteristics. 



Fig.10— Typical power dissipation vs. frequency . 


\ 

A, 

° '"H r ^ 

WRITE — t w - 

r~ 

|Ur~ 

"\ 

J 

CHIP * \ 

INHIBIT \ 



READ ' 

INHIBIT 

0 

1 

MEMORY 

BYPASS * 



*DO 

i 


° 

DATA f 

IN / 




DATA ' r 

OUT o • 


b 

-•trd *■ 

• trdk- -4 


(RI) (ADO) (MB) 


92CS-2068I 

Fig.4—CD4036A Timing Diagram. 



Fig. 5—CD4039A Timing Diagram. 



TEST CIRCUITS 



Fig. 7 1 —Quiescent current (CD4036A ) . 
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MEMORY INTEGRATED CIRCUITS 


CD4036A, CD4039A Types 


TEST CIRCUITS (Cont'd) 



Fig. 12 -Quiescent current (CD4039A). 


5 V OR 10 V 3.5 V OR 7 V 



Fig. 13— Noise immunity. 



♦ The CD4098A CAN BE UTILIZED IN A SIMILAR FASHION. 

SEE APR. NOTE ICAN-64M - "DESIGN OF FIXED AND PROGRAMMABLE COUNTERS USING THE RCA CD4018A 

COS/MOS PRESETTABLE DIVIDE-BY-'N’ COUNTER" AND ICAN-6716. "LOW POWER DIGITAL FREQUENCY 
SYNTHESIZERS UTILIZING COS/MOS IC’S". 


Switches shown 
are GRAYHILL 
2-pole switches 
50CY23133. CEN 
TRALAB PA160. 
or equivalent can 
also be used. 


Switches (left to 
right) read 5-32. 
The equivalent val- 
ue of "N" for 
these switch po- 
sitions (from the 
T able below) is 
3-1-0 or N = 13. 


N 


Value 
(Front | 
panel j 
notation)! 


Switch 

Positions 


3 

4 

5 


8 

9 

10 


| 92CM- 19947 


Fig. 14— Three-decade programmable -r N counter with 4-channel preset memory settings for frequency synthesizers. 


The divide-by-N counter system shown in Fig.14 is program- 
mable from 2 to 999. Four counter-preset words, selected 
by means of the rotary switches, can be stored in the 
CD4Q39A devices and can be read into each CD4018A by 


simply addressing the proper word. Note that the CD4029A 
(see Bulletin File No. 503) Presettable Up/Down Counter 
with BCD decade counting can also be used to perform the 
basic counting function. 


BIT INPUTS 

/ ' \ 



. 12 3 4 5 6 7 8 9 10 II 12 13 14 15 16 

\ | ' 

* THE CD4039A CAN BE UTILIZE0 IN A SIMILAR FASHION B IT OUTPUTS 


Fig. IS— General-purpose memory storage - 8 words x 16 bits (RAM or ROM). 
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MEMORY INTEGRATED CIRCUITS 


CD4061A Types 


COS/MOS 256-Word by 1-Bit Static Random-Access Memory 


The RCA-CD4061A is a single monolithic 
integrated circuit containing a 256-word by 
1-bit fully static, random-access, NDRO 
memory. The memory is fully decoded and 
requires 8 address input lines (Ag-Ay) to 
select one of 256 storage location s. Addi - 
tional connections are provided f or a READ/ 
WRITE command CHIP SELECT DATA IN, 
and DATA OUT and DATA OUT lines. 


To perform READ and WRITE operations 
the CHIP-SELECT signal must be low. When 
the CHIP-SELECT signal is high, read and 
write operations are inhibited and the out- 
put i s a high imped ance. To change addresses, 
the CHIP-SELECT signal must be returned 
to a hi gh leve l, regardless of the logic level 
of the READ/WRITE input. In a multiple 
package application, the CHIP-SELECT 



Fig. 1 — CD4061A logic diagram. 


signal may be used to permit the selection 
of individual packages. 

Output-voltage levels appear on the outputs 
only when the CHIP SELECT and READ/ 
WRITE signals are both low. Separate data 
inputs and outputs are provided; they may 
be tied together, or, to eliminate interaction 
between READ and WRITE functions, may 
be used separately. The circuit arrangement 
permits the outputs from many arrays to be 
tied to a common bus. 

All input and output lines are buffered. The 
CD4061A output buffers are capable of 
direct interfacing with TTL devices. 

The CD4061A is available in a hermetically 
sealed 16-lead dual-in-line ceramic package 
(CD4061AD) or in chip form (CD4061AH). 

MAXIMUM RATINGS, 

Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE 

-65 to +1 50° C 

OPERATING-TEMPERATURE RANGE 

-55 to +1 25° C 

DC SUPPLY-VOLTAGE RANGE: 

Vdd -0.5 to +1 5 V 

DEVICE DISSIPATION (PER PACKAGE) 

200 mW 

ALL INPUTS Vss^V|<Vqd 

RECOMMENDED DC SUPPLY VOLTAGE 

(VDD-Vss) 3 to 15 V 

LEAD TEMPERATURE (DURING SOLDER ING) : 
At distance 1/16 ± 1/32 in. (1.59 + 0.79 mm) 


a) READ-CYCLE WAVEFORMS W/R = LOGIC "0" DATA IN = DON'T CARE 


from case for 10 s max. 


+265° C 



CHIP 

SELECT 


Tc 




\ 



Fig. 2 — Typical write-read waveforms. 


92CM- 238S3RI 


Fig. 3 — Typical n-channel drain characteristics. 



DRAIN - TO -SOURCE VOLTAGE (Vds> V 


Features: 

■ Low standby power: 10 nW/bit (typ 
@V DD = 10 V 

■ Access time: 380 ns (max.) 

@ V DD =10 V 

■ Single 3-to-15 V power supply 

■ COS/MOS input/output logic 
compatibility 

■ TTL output drive capability 

■ Three-state data outputs for 
bus-oriented systems 

■ 11 01 -type pin designations 

■ Separate data output and data 
input lines 

■ Noise immunity: 45% of Vpp (typ. 

■ Fully decoded addressing 

■ Single write/read control line 


Fig. 4 — Minimum n-channel drain characteristics. 
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MEMORY INTEGRATED CIRCUITS 


CD4061A Types 


CD4061A OPERATIONAL MODES 



ADDRESS 

CHIP- 

READ/ 

DATA 


OPERATION 

LINES 

SELECT 

WRITE 

IN 

DATA pUTPUTS 

Write "0" 

Stable 

0 

1 

0 

High-Impedance 

Write "1" 

Stable 

0 

1 

1 

High-Impedance 

Read 

Stable 

0 

0 

X 

Valid 1 or 0 

*Read Modify 

Stable 

0 

0/1 

X 

Valid 1 or 0/High- 

Write 





Impedance 

Address Change 

Changing 

1 

X 

X 

High-Impedance 


X = Don't Care 


*For a READ MODIFY WRITE operation, CHIP SELECT may be held to logic 0 for 
the whole operation. 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at r A = 25° C, v ss = OV,C L = 50 pF, and t r , t f = 20 ns 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 


Vdd 

(V) 

MIN. 

TYP. 

MAX. 

READ CYCLE TIME 

Read Cycle tpQ 


5 

1200 

1000 

— 

ns 

10 

550 

450 

- 

Address Setup t ADS 


5 

40 

0 

— 

ns 

10 

0 

— 

— 

Chip Select t 


5 

700 

500 

- 

ns 

10 

350 

250 

- 

Address Hold l ADH 


5 

460 

- 

- 

ns 

10 

200 

- 

- 

Read Access tR/\ 


5 

- 

450 

750 

ns 

10 

- 

250 

380 

Data Out Hold fDOH 


5 

110 

170 

230 

ns 

10 

130 

160 

190 

Data Out Active x DOA 


5 

80 

120 

160 

ns 

10 

40 

70 

100 

*TLH 


5 

- 

60 

100 

ns 

10 

- 

50 

75 

'THL 


5 

- 

35 

60 

10 

- 

25 

40 

Chip-Select 

Input Rise and t r Q£ 

Fall Time, ffCE 


5 

- 

- 

15 

ps 

10 

- 

- 

5 

15 

- 

- 

1 

WRITE CYCLE TIME 

Write Cycle t y\iQ 


5 

1200 

1000 

— 

ns 

10 

550 

450 

- 

Address Setup l ADS 


5 

40 

0 

- ' 

10 

0 

- 

- 

Chip Select t 


5 

700 

500 

- 

10 

350 

250 

— 

Address Hold fADH 


5 

460 

— 

— 

10 

200 

— 

— 

Write Hold %RH 


5 

150 

100 

_ 

10 

100 

70 

— 

Write *WRW 


5 

150 

100 

— 

10 

100 

70 

- 

Data-In Setup X D\S 


5 

140 

80 

— 

10 

80 

35 

— 

Data-In Hold tDIH 


5 

25 

10 

— 

10 

20 

10 

- 


DR AIN -TO -SOURCE VOLTAGE (Vos> — V 



Fig. 5 — Typical p-channel drain characteristics. 

DR AIN -TO -SOURCE VOLTAGE (V 0 s> — V 



Fig. 6 — Minimum p-channel drain characteristics. 



Fig . 7 - Typical low -to -high transition time ( tj LH ) vs. C/_. 



Fig. 8 Typical high -to -tow transition time (tTHU vs - Q.- 
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Fig. 9 - Typical read access time (tft A ) ««. C/_. 
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MEMORY INTEGRATED CIRCUITS 


CD4061A Types 


STATIC ELECTRICAL CHARACTERISTICS 

(AH inputs. . . V^^V(<Vqq) 

(Recommended DC Supply Voltage (Vqq-Vcc) . 


.3 to 15 V) 


LIMITS 


CHARAC- 

TERISTIC 


CONDITIONS 
v 0 v DD 


Quiescent De- 
vice Current, 
'L 

See Fig. 14 

Quiescent De- 
vice Dissipa- 
tion/Package, 

Pd 


Output Volt- 
age 

Low-Level, 

Vql 


High-Level, 

v OH 


Noise Immuni- 
ty, (All Inputs) 
See Fig. 17 



Output Drive 
Current: 
(Data Out, 


Data Out) 
N-Channel 
(Sink), IpN 
See F igs. 3, 

4, 12 “ 


See F igs. 5, 

6, 13 

Output Off 
Resistance 
(High-Imped- 
ance State), 

R 0 (Off) 



2.5 

5 

-1.1 

-0.9 

-1.8 

-0.65 

4.6 

5 

-0.5 

-0.4 

-0.8 

-0.3 

9.5 

10 

-1.1 

-0.9 

-1.8 

-0.65 — 


5 

10 

10 

- 

10 


10 

10 

10 

- 

10 


i 

16 

2 

15 

3 

14 

4 

13 

5 

12 

6 

II 

7 

10 

8 

9 


Fig . 14 — Quiescent device current. 

Quiescent Device Current Test Conditions 


Memory Cells 




1 

16 

2 

15 

3 

14 

4 

13 

5 

12 

6 

II 

7 

10 

8 

9 


LOAD CAPACITANCE <Cl>'50 pF 



-23861 AMBIENT TEMPERATURE (T A ) "C 

Fig. 10 - Typical read access time (tR/\) vs. 
temperature. 
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RE AO OR WRITE CYCLE TIME (fRC,»WC> — P* 92cs- 23862 

Fig. 11 — Typical power dissipation vs. cycle time. 


1 _ _ 1 v o 

92CS-23863 

Note: At address "0", "0" stored in 
memory. 

Fig. 12 — N -channel drive current. 
Note: At address 0, "1 " stored in 
memory. 



Fig. 13 — P channel drive current. 

Note for Fig. 12 and Fig. 13: 

Power dissipation measured using random data 
pattern. Input pulse delays and widths set to 
minimum values specified on data sheet with the 
exception of cycle time, 15 V setups identical to 
10 V data sheet values, with the exception of 
tcE = 400 ns. 


Fig. 15 — Operating life. 


so kHz osc I Description of Test: 
ics-23866 Functional test run with random 

data input. All inputs toggle be- 
1 Ufe ' tween 30% and 70% of V DD . 

Fig. 16 — Bias life. 



Note: Connection to all terminals in Figs. 15 & 16 (except 4 and 5) 
are made through 47 k$2 resistors. 


Fig. 17 — Noise immunity. 




















































































MEMORY INTEGRATED CIRCUITS 


Preliminary CD40061, CD40061A Types 

COS/MOS 256-Word by 1-Bit 
Static Random-Access Memory 


The RCA-CD40061 and CD40061 A are 256- 
word by 1-bit COS/MOS fully static random 
access memories. They are similar in terminal 
arrangement and function to the CD4061A, 
except that the requirement for the Chip- 
Select input to return to a high level between 
address changes in eliminated. 

The CD40061 AD and CD40061AE have 
maximum supply voltage ratings of 15 V; 
the CD40061 E maximum rating is 7 V. These 
devices are fully decoded and utilize eight 
Address inputs (Ag-Ay) to select one of the 
256 storage locations. Additional connections 
are provided for an active Low Chip-Select 
(CS), a Read/Write command (R/W), a Data 
input (DATA IN), an active High 3-State 
Output (DATA OUT), and an active Low 3- 


State Output (DATA OUT). DATA OUT is 
the same voltage state as DATA IN. 

The Chip-Select input must be low to enable 
the Read or Write operations. A high level 
both inhibits these functions and causes the 
outputs to exhibit a high impedance. Output 
voltage levels appear at the output only when 
both CS and R/W inputs are at low levels. 
These outputs interface directly with TTL 
devices. 

Both the CD40061 and CD40061A are 
supplied in 16-lead dual-in-line plastic pack- 
ages (E suffix) or in chip form (H suffix). The 
CD40061A is also supplied in a hermetically 
sealed 1 6-lead dual-in-line ceramic side-brazed 
package (D suffix). 


Features: 

■ Organization — 256-words by 1-bit 

■ COS/MOS compatible inputs and outputs 

■ Low power dissipation (typ.) @ 300 nS 
cycle time: 

10 nW/Bit standby @ V DD = 5 V 
0.1 mW/Bit operating @ Vqq = 5 V 
40 nW/Bit standby @ Vp D = 10 V 
0.4 mW/Bit operating @ Vqq = 10 V 

■ Access time (typ.): 

150 nS @ V DD = 10 V; 300 nS @ V DD = 5 V 

■ Noise immunity (typ.): 45% of Vpp 

■ TTL output drive capability 

■ 3-State complementary data outputs 

■ Separate data-in and data-out lines 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE -65 to +150°C 

OPERATING-TEMPERATURE RANGE: 

CERAMIOPACKAGE TYPES -55to+125°C 

PLASTIC-PACKAGE TYPES -40 to +85°C 

SUPPLY VOLTAGE RANGE (V DD ~V SS ): 

CD40061 E 7 to -0.5 V 

CD40061 AD, CD40061 AE 15 to -0.5 V 

INPUT VOLTAGE RANGE (V,— V ss ) Vpp to -0.5 V 

DEVICE DISSIPATION (per package) 200 mW 

RECOMMENDED DC SUPPLY VOLTAGE RANGE (Vpp-Vgg): 

CD40061 E 3 to 6 V 

CD40061AD, CD40061 AE 3 to 12 V 

RECOMMENDED INPUT VOLTAGE SWING Vpp to V $s 

LEAD TEMPERATURE (During soldering): 

At distance 1/16 ±1/32 inch (1 .59 ± 0.79 mm) from case for 10 seconds max 265°C 


CD40061 and CD40061 A OPERATIONAL MODES 


MODE 



DATA OUT 


CHIP-SELECT 

READ/WRITE 

DATA OUT 

Write 

0 

1 

High Impedance 

High Impedance 

Read 

0 

0 

Storage State 

Complement of 
Storage State 

Unselected 

1 

X 

High Impedance 

High Impedance 


1 = High Level 0 = Low Level X = Don't Care 


CAPACITANCES (V, = 0, f = 1 MHz) 


CHARACTERISTICS 

Min. 

Typ. 

Max. 

UNITS 

Address Input, C^ 

- 

9 

- 

pF 

Chip-Select, Cgg 

- 

9 

- 

pF 

Read/Write Input, C we 

- 

5 

- 

PF 

Data Input, Cpj 

- 

5 

- 

pF 

Data Output, Cpg 

- 

10 

- 

pF 


A4 A5 A6 A7 



Fig. 1 — Functional block diagram for CD40061 , and CD40061A. 
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MEMORY INTEGRATED CIRCUITS 


Preliminary CD40061, CD40061A Types 


STATIC ELECTRICAL CHARACTERISTICS at T A - 25° C 

Values shown for » 5 V apply to all types; values shown for = 10 V apply 
to the CD40061 AD and CD40061 AE only. 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL VALUES 

UNITS 

V 0 (VI 

V DD (V) 

Quiescent Device 


5 

0.5 

mA 

Current, 1^ 


10 

1 


Output Voltage, Low 


5 

0 

V 

Level. Vql 


10 

0 


Output Voltage, High 


5 

5 

HI 

Level, Vqh 

H 

10 

10 

Mi 

Output Current, Low 

mm 

^^■Mj 

1.6 

mA 

Level, Iq l 

H . 


3.5 



2.5 

mmm 

-0.9 



4.5 

■ ■ 



9 


-0.9 


Noise Immunity, All 

0.8 

5 

2.25 

V 

Inputs Low. VfyjL 

1 

10 

4.5 



n 

5 

2.25 

V 


mm 

10 

4.5 


Output Resistance, Off 


5 

10 

Mft 

State. Rptoff) 


10 

10 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C. V DD ±5%. Input t r , 
tf = 10 ns, and C^ = 50 pF. see Note 3. 

READ CYCLE TIMES (For waveforms, see Figs. 2, 3 and 4) 



TEST CONDITIONS 

TYPICAL VALUES 

UNITS 


V DD (V) 

Chip-Select, tpg 

5 

310 

ns 

(Note 1 ) 

10 

180 


Address Setup. l ADS 

5 

20 

mm 


10 

10 



5 

0 

■ 

MH^MM 

10 

0 

M 


5 

0 



10 

0 

■ ■ 

Read Hold, *RDH 

5 

0 

ns 


10 

0 


Data Out Hold, l DOH 

5 

40 

ns 


10 

20 


Data Out Active, *DOA 

5 

20 

ns 


10 

15 


Read Cycle, tpp 

5 

350 

ns 

(Note 2) 

10 

200 


Access, t A cc 

5 

300 

ns 


10 

150 




•tea- tries 


Fig. 2 — Read cycle waveforms for CD40061, CD40061A. 



92CS- 27186 


Fig. 3 - Write cycle waveforms for CD40061, CD40061 A. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Cont'd) 

WRITE CYCLE TIMES (For waveforms, see Figs. 2. 3 and 4) 


CHARACTERISTIC 

TEST CONDITIONS 
V DD (V) 

TYPICAL VALUES 

UNITS 

Chip-Select, tp§ 

5 

170 

■ 


10 

90 

■ 

Address Setup, l ADS 

5 

20 

ns 


10 

10 



5 

0 

ns 


10 

0 



5 

170 

ns 

BSD 

10 

90 


Write Width, *WRW 

5 

170 

n 


10 

90 

■ ■ 

Data In Setup, tp |5 

5 

0 



10 

0 

■ 


5 

20 

Hi 


10 

10 

Ml 

Write Cycle, t 

5 

200 

ns 

(Note 2) 

10 

110 



READ/MODIFY/WRITE TIMES (For waveforms, see Figs. 2, 3 and 4) 


CHARACTERISTIC 

TEST CONDITIONS 

v DD ivt 

TYPICAL VALUES 

UNITS 

ChipSelect, tpcj 

5 

480 

ns 

(Note 1 ) 

10 

270 


Address Setup. l ADS 

5 

20 

ns 


10 

10 


Address Hold, *ADH 

5 

0 

ns 


10 

0 


Read Setup, fRDS 

5 

0 



10 

0 


Data Out Active. tpQ A 

5 

20 

■ 


10 

15 

Ml 

Previous Data Hold, { PDH 

5 


1H 


10 


Mi 

Access, t ACC 

5 


1H 


10 


Hi 

Read Width Effective, *RDW 

5 

310 



10 

180 

Ml 

Write Setup, fWRS 

5 

170 

ns 


10 

90 


Write Width ( WRW 

5 

170 

ns 


10 

90 


Data In Setup, tpjg 

5 

0 



10 

0 


Data In Hold, *DIH 

5 

20 

ns 


10 

10 


Read/Modity/Write Cycle, tpyy£ 

5 

500 

ns 

(Note 2) 

10 

280 



Note 1 — The chip-select times specified provide an active output data time of 50 ns minimum. 
Note 2 - Cycle time defines the shortest time in which this memory will correctly perform its de- 
sired function. 

Note 3 - Address rise and fall times must be equal to or less than 1 gs under all conditions and 
for all modes. 



92c$>2nar 


Fig. 4 — Read/modify /write cycle waveforms for CD40061 , CD40061A. 
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MEMORY INTEGRATED CIRCUITS 


Preliminary MW4050D 


N-Channel 4096-Bit MOS 
Random-Access Memory 


The RCA-MW4050D Series types are 4096- 
word by 1-bit high-speed dynamic NMOS 
random-access memories in the popular 18- 
lead package with 0.3-inch row spacing for 
high packing density on PC boards. The use 
of n-channel technology in these devices 
optimizes the speed, density, and power 
consumption. The MW4050D Series is in- 
tended for large-scale, high-performance mem- 
ory systems in which low cost and high 
reliability are primary design objectives. 
Three performance options of maximum 
access time are offered: 300 ns for the MW- 
4050 D, 250 ns for the MW4050DV1, and 
200 ns for the MW4050DV2. These types 
are direct replacements for the equivalent 
TMS4050, TMS4050-1, and TMS4050-2. 

The Data-lnput and Data-Output lines to the 
memory are on a common terminal. The 
output buffer has an open-drain configura- 
tion capable of sinking a 5-mA load current. 
The common I/O allows simple interfacing 
to the memory-system bus in Read, Write, 


and Read/Modify/Write modes. Read and 
Write are always straightforward. Data con- 
trol of Read/Write is also included to avoid 
any conflict between Data-Out and new 
Data-In during Read/Modify /Write cycles. 
Refresh of all 64 cells on any one X address 
line is accomplished by executing a read 
cycle. In addition, when writing new data 
into a selected location, all the other 63 
cells on this X line are automatically re- 
freshed. 


The MW4050D design uses balanced sensing 
to eliminate pattern sensitivity. In addition, 
all bit and word lines in the array are clamped 
to preset potentials while the memory is 
quiescent. The X and Y decoders use push- 
pull drive to virtually eliminate the effects 
of unwanted capacitance coupling. 

The MW4050D Series is supplied in an 18- 
lead hermetic dual-in-line side-brazed cera- 
mic package. 



92CS-27227 

Terminal Assignment 
18-Lead Dual-In-Line 
White-Ceramic Package 


Features: 

■ Organization— 4096 words by 1 bit 

■ Direct replacement for TMS4050 

■ TTL— compatible inputs (except Chip-Enable) 

■ Single low-capacitance clock 

■ Low power dissipation (typ.): 

0.2 mW/package standby 
420 mW/package operating 

■ Open drain output— common I/O 

■ On-chip address registers 

■ Data-In can be valid up to 15 ns 
after Read/Write low level 

■ Clamped bit lines minimize pattern 
sensitivity problems 

■ N-channel silicon-gate technology 

■ 18-lead dual-in-line ceramic hermetic 
package (0.3 inch spacing) 


RCA 

Type 

No. 

Access 

Time-ns 

Max. 

Read or 
Write Cycle 
Time-ns 
Min. 

Read /Modify/ 
Write Cycle 
Time-ns 

Min. 

MW4050D 

300 

470 

730 

MW4050DV1 

250 

430 

660 

MW4050DV2 

200 

400 

600 


RECOMMENDED OPERATING CONDITIONS 



LIMITS ALL TYPES 


CHARACTERISTIC 

Min. 

Typ. 

Max. 

UNITS 

Supply Voltage: 





V DD 

11.4 

12 

12.6 


V BB 

-5.5 

-5 

-4.5 

V 

V SS 

- 

0 

- 


Input Voltage, High Level: 





Chip-Enable \/CEH 

CO 

o 

1 

Q 

Q 

> 

- 

V DD +1 

v 

All Others Vj|_| 

2.2 

- 

5.25 


Input Voltage, Low Level: 





Chip-Enable ^CEL 

-1 

- 

0.6 

V 

All Others V, L 

-0.6 

- 

0.6 


(EXTERNAL VOLTAGE AND EXTERNAL RESISTOR ) 



® ©_ 
CE R/W 


92CS-27225 


MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE TEMPERATURE RANGE 

—55 to +150°C 

OPERATING TEMPERATURE RANGE 

0 to +70°C 

SUPPLY VOLTAGE RANGES: 

< V DD -V BB ) 20 to -0.3 V 

(V SS“ V BB ) 20 to -0.3 V 

INPUT VOLTAGE RANGES: 

CHIP-ENABLE INPUT (V^-V^) 20 to -0.3 V 
ALL OTHER INPUTS (V, N -V SS ) 20 to -0.3 V 
OUTPUT VOLTAGE RANGE: 

(V,/o-V S s> 7 to —2 V 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) 
from case for 10 s max +265°C 


Fig. 1 — Input/output logic diagram. 
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MEMORY INTEGRATED CIRCUITS 


Preliminary MW4050D 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 0°C to 70°C, V DD = 12 V ± 5%, 
Vrb = -5 V ± 10%, Vgg = 0 V, Output Load = 50 pF and one Series 74-type gate. 




LIMITS 


CHARACTERISTIC 


MW4050D 

MW4050DV1 

MW4050DV2 

UNITS 



Typ. 

Max. 

Typ. 

Max. 

Typ. 

Max. 


Vdd Supply Current: 









During Vq E high 
level. 

'dd 1 

_ 

60 

- 

60 

__ 

60 

mA 

Average during read 
or write cycle. 

'dd 2 

32 

- 

35 

- 

38 

- 

mA 

Average during read / 
modify /write cycle, 

'dd 3 

37 

- 

41 

- 

45 

- 

mA 


CAPACITANCES at T A = 0 to 70°C, V DD = 12 V, V BB = -5 V, V, = 0 V, V ss = 0 V, 
f = 1 MHz. = 0 V unless otherwise specified. 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Address, C A q 


- 

5 

7 

pF 

Chip-Enable, Cq E 

V CEH = 10.8 V 

_ 

24 

28 

pF 

v CEL = -i v 

- 

29 

33 

pF 

Read/Write, Cpyy 


- 

5 

7 

pF 

Data In/Out, C|/q 


- 

7 

9 

pF 


OPERATIONAL MODES 


MODE 

CHIP- 

ENABLE 

READ/ 

WRITE 

CONDITION 

I/O 

STATE 

REMARKS 

Read 

1 

1 

Read stored 0 

0 

Output buffer enabled until CE 
is non-active 

Read stored 1 

1 

Output buffer disabled 

Write 

1 

0 

Write 0 

Write 1 

0 

1 

Output buffer disabled 

Read/ 

Modify/ 

Write 

1 

1 

then 

0 

Read 0 then 
Write 0 

0 

Output buffer disabled during 

Write; write function not executed 

Read 0 then 
Write 1 

0 then 

1 

Output buffer disabled during Write; 
write function occurs as Data-In 
goes to high level# 

Read 1 then 
Write 0 

1 then 

0 

Output buffer disabled; Write func- 
tion occurs as R/W goes to low level 

Read 1 then 
Write 1 

1 

Output buffer disabled; Write func- 
tion occurs as R/W goes to low level 

Refresh 

1 

1 


Oor 1 

Same as Read cycle 

Standby 

0 

X 


1 



# I/O is pulled up to high level by external network. Following read out of a low level (0), 
the self-timed internal Write function cannot occur until the new Data-In has gone to a 
high level (1 ). Thus no conflict between the previous output data state and the new 
data to be written can occur. No possible race hazard between R/W and Data-In exists, 
eliminating all possibility of false data being written in. The internal levels stored in the 
array depend on bit location. A data input 1 is a stored internal high level if the address 
state of A 5 is opposite to that of A 6. This description of the internal operation of the 
device is intended for user information only. 

1 = High level 0 = Low level X = Don't care 


STATIC ELECTRICAL CHARACTERISTICS at T A = 0°C to 70°C, V DD = 12 V ± 5%, 
V bb = -5 V ± 10%, V SS = 0 \A 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS ALL TYPES* 

UNITS 

Min. 

Typ. 

Max. 

Supply Current: 
For V DD 

For V BB 

'DDO 

'bbo 

V CE H = 0.6V 

- 

10 

-5 

200 

-100 

liA 

Input Current, High-Level: 






Chip-Enable 

'CEH 

V CE = 13.6 V 

- 

- 

2 


All Others 

■IH 

V, = 5.5 V 

- 

- 

10 


Input Current, Low-Level: 






Chip-Enable 

'cel 

V CE = “ 1V 

- 

- 

±10 

uA 

All Others 

■lL 

V, = -0.6 V 

- 

- 

±10 


Output Current: 







Off-State 

'oz 

v 0 = 0 to 5.5 V 

- 

- 

±10 

fiA 

Output Voltage: 







High Level 

v OH 

Open drain 

• 

- 

- 

V 

Low Level 

v OL 

Iq = 5 mA 

V SS 

- 

0.4 



* All typical values are at = 25°C and nominal supply voltages. 

* Output voltage determined by external pull-up resistor. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 0°C to 70°C, V DD = 12 V ± 5%, 
V BB = — 5 V ± 10%, Vgg = 0 V, Output Load = 50 pF and one Series 74-gate. All input 
timing measured from low input level (0.8 V) or high input level (2 V) - to 10% or 90% point 
on Vq£ transition edges. Input/output timing measured from low output level (0.4 V) or 
high output level (2.4 V) to 10% or 90% point on V^j: transition edges. Rise time (t r ) and 
fall time (tf) from 10% to 90% of Vq E are 20 ns. For waveforms, see Figs. 3, 4, and 5. 

Read Cycle Times 




LIMITS | 


CHARACTERISTIC 


MW4050D 

MW4050DV1 

MW4050DV2 

UNITS 



Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


Read Cycle, 

*RC 

470 

- 

430 

- 

400 

- 

ns 

Chip-Enable Active, 

*CE 

300 

4000 

260 

4000 

230 

4000 

ns 

Chip-Enable Non-active, 

X C£ 

130 

- 

130 

- 

130 

- 

ns 

Chip-Enable Rise, 

x C£r 

- 

40 

- 

40 

- 

40 

ns 

Chip-Enable Fall, 

t CEf 

- 

40 

- 

40 

- 

40 

ns 

Address Setup, 

*ADS 

0 

- 

0 

- 

0 

- 

ns 

Address Hold, 

*ADH 

150 

- 

150 

- 

150 

- 

ns 

Read Setup, 

tRDS 

0 

- 

0 

- 

o' 

- 

ns 

Read Hold* 

l RDH 

40 

- 

40 

- 

40 

- 

ns 

Access from Chip-Enable, 

l CEA 

- 

280 

- 

230 

- 

180 

ns 

Access from Address, 

T ADA 

- 

300 

- 

250 

- 

200 

ns 

Data-Out Hold, 

t DOH 

40 

- 

40 

- 

40 

- 

ns 


Write Cycle Times 




LIMITS | 


CHARACTERISTIC 


MW4050D 

MW4050DV1 

MW4050DV2 

UNITS 



Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


Write Cycle, 

*WC 

470 

- 

430 


400 

- 

ns 

Chip-Enable Active, 

t CE 

300 

4000 

260 

4000 

230 

4000 

ns 

Chip-Enable Non-active, 

X C£ 

130 

- 

130 

- 

130 

- 

ns 

Chip-Enable Rise, 

t CEr 

- 

40 

- 

40 

- 

40 

ns 

Chip-Enable Fall, 

T CEf 

- 

40 

- 

40 

- 

40 

ns 

Address Setup, 

T ADS 

0 

- 

0 

- 

0 

- 

ns 

Address Hold, 

t ADH 

150 

- 

150 

- 

150 

- 

ns 

Read Hold* 

t RDH 

- 

40 

- 

40 

- 

40 

ns 

Write Setup, 

t WRS 

240 

- 

220 

- j 

210 

- 

ns 

Write Width, 

*WRW 

200 

- 

190 

- 

180 

- 

ns 

Data-In Setup/ 4 

t DIS 

-15 

- 

-15 

- 

-15 

- 

ns 

Data-In Hold, 

*DIH 

40 

~ 

40 

- 

40 

- 

ns 


* Read Hold (tp qh ^ IS measured from the 10% point on the Chip-Enable input. 
4 Data-In need not be valid until 15 ns after the Read/Write input is low. 


Read/Modify /Write Cycle Times 




LIMITS ! 


CHARACTERISTIC 


MW4050D 

MW4050DV1 

MW4050DV2 

UNITS 



Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


Read/Modify /Write Cycle, t BW £ 

730 

- 

660 

- 

600 

- 

ns 

Chip-Enable Active, 

t CE 

560 

4000 

490 

4000 

430 

4000 

ns 

Chip-Enable Non-active, 

X C£ 

130 

- 

130 

- 

130 

- 

ns 

Chip-Enable Rise, 

t CEr 

- 

40 

- 

40 

- 

40 

ns 

Chip-Enable Fall, 

t CEf 

- 

40 

- 

40 

- 

40 

ns 

Address Setup, 

t ADS 

0 

- 

0 

- 

0 

- 

ns 

Address Hold, 

T ADH 

150 

- 

150 

- 

150 

- 

ns 

Read Setup, 

t RDS 

0 

- 

0 

- 

0 

- 

ns 

Read Width Effective, 

*RDW 

300 

- 

250 

- 

200 

- 

ns 

Write Setup, 

t WRS 

240 

- 

220 

- 

210 

- 

ns 

Write Width, 

%RW 

200 

- 

190 

_ 

180 

- 

ns 

Data-In Width Effective, 

l DIW 

225 

- 

205 

- 

195 

- 

ns 

Data-In Hold, 

X D\H 

40 

- 

40 

- 

40 

- 

ns 

| Access from Chip-Enable, t^ EA 

- 

280 

- 

230 

- 

180 

ns 

Access from Address, 

t ADA 

- 

300 

- 

250 

- 

200 

ns 

Previous Data Hold, 

t PDH 

20 

- 

20 


20 

- 

ns 
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MEMORY INTEGRATED CIRCUITS 


Preliminary MW4050D 


DYNAMIC ELECTRICAL CHARACTERISTICS - Cant'd 


Refresh Cycle Times" 




LIMITS 1 


CHARACTERISTIC 

MW 4050 D 

MW4050DV1 

MW4050DV2 

UNITS 



Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


Refresh Cycle, 

l RFC 

470 

- 

430 

- 

400 

- 

ns 

Chip-Enable Active, 

*CE 

300 

4000 

260 

4000 

230 

4000 

ns 

Chip-Enable Non-active, 

X CE 

130 

- 

130 

- 

130 

- 

ns 

Chip-Enable Rise, 

tCEr 

- 

40 

- 

40 

- 

40 

ns 

Chip-Enable Fall, 

*CEf 

- 

40 

- 

40 

- 

40 

ns 

Address Setup, 

*ADS 

0 

- 

0 

- 

0 

- 

ns 

Address Hold, 

tADH 

150 

- 

150 

- 

150 

- 

ns 

Read Setup. 

X RDS 

0 

- 

0 

- 

0 

- 

ns 

Read Hold* 

t RDH 

40 

- 

40 

- 

40 

- 

ns 

Refresh Period, 

*RFR 

- 

2 

- 

2 

- 

2 

ms 


* Refresh is achieved by addressing A 0 to A 5 with both Chip-Enable and Read/Write high. The 
output is the stored data of the decoded addresses. Refresh is not affected by the states of 
Addresses A 6 to A 1 1 . Refresh is also achieved during normal operation. 

* Read Hold (tRDCf) ' s meas ured from the 10% point on the Chip-Enable input. 



READ/ WRITE 
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Fig. 2— Functional block diagram for MI/V4050D, MW4050DV 1 , and MW4050DV2. 
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MEMORY INTEGRATED CIRCUITS 


Preliminary MW4060D 

N-Channel 4096-Bit MOS 
Random-Access Memory 


The RCA-MW4060D Series are 4096-word 
by 1-bit high-speed dynamic NMOS random- 
access memories. The use of N -channel 
silicon-gate technology in these devices op- 
timizes the speed, density, and power con- 
sumption. The MW4060D Series is intended 
for large-scale high-performance memory sys- 
tems in which low cost and high reliability 
are primary design objectives. 

Three performance options of maximum 
access time are offered: 300 ns for the 
MW4060D, 250 ns for the MW4060DV1, 
and 200 ns for the MW4060DV2. They are 
direct replacements for the equivalent TMS- 
4060, TMS4060-1 and TMS4060-2. All in- 
puts except the Chip-Enable are fully TTL- 
compatible requiring no specialized driver. 
One single clock (Chip-Enable) is employed 
for simplicity of system design. This low- 
capacitance input utilizes a nominal 12-V 
pulse. 


The 3-State Data output buffer in these 
devices will drive two series 74- TTL gates. 
The Chip-Select input disables the input 
and output circuits for easy expansion of 
the memory and simple implementation of 
system refresh control. This input can be 
operated with negative set-up time relative 
to the Chip-Enable clock. This feature sim- 
plifies use in large memory systems where 
Chip-Select timing requirements may other- 
wise limit system performance. 

The MW4060D design uses balanced sensing 
to eliminate pattern sensitivity. In addition, 
all bit and word lines in the array are clamped 
to preset potentials while the memory is 
quiescent. The X and Y decoders use push- 
pull drive to virtually eliminate the effects of 
unwanted capacitance coupling. 

The MW4060D Series is supplied in a 22- 
lead hermetic dual-in-line ceramic side-brazed 
package. 


Features: 

■ Organization — 4096 words by 1 bit 

■ Direct replacement for TMS4060 

■ TTL-compatible inputs (except 

Chip-Enable) 

■ Single low-capacitance clock 

■ Low power dissipation (typ.) : 

0.2 mW/package standby 
400 mW/package operating 

■ 3-State output 

■ On-chip address registers 

■ Chip-Select simplifies memory expansion 

■ Chip-Select effective 30 ns after Chip-Enable 

■ Data-In can be valid up to 15 ns after 

Read/Write low level 

■ Separate Data-In and Data-Out circuits 

■ Clamped bit lines minimize pattern 

sensitivity problems 

■ N-channel silicon-gate technology 

■ 22-lead ceramic hermetic package 


MAXIMUM RATINGS, A bsolute-Maximum Values: 

STORAGE TEMPERATURE RANGE 

OPERATING TEMPERATURE RANGE 

SUPPLY VOLTAGE RANGES: 

< V DD ~ Vbb) 

< V CC - v bb) 

(Vss - Vbb) 

INPUT VOLTAGE RANGES: 

Chip-Enable Input (VqE — Vss) 

All Other Inputs < Vj jsj — Vss) 

OUTPUT VOLTAGE RANGE: 

(VpO - v ss) 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 in. (.1 .59 ± 0.79 mm) 
from case for 10 s max 


-55 to +150°C 
0 to +70°C 


20 to -0.3 V 
20 to -0.3 V 
20 to -0.3 V 

20 to -0.3 V 
20 to -0.3 V 

7 to -2 V 


RCA 

Type 

No. 

Access 
Time — ns 
Max. 

Read or 
Write Cycle 
Time - ns 
Min. 

Read/Modify/ 
Write Cycle 
Time — ns 
Min. 

MW4060D 

300 

470 

710 

MW4060DV1 

250 

430 

640 

MW4060DV2 

200 

400 

580 


+265°C 



CHIP ENABLE 

CE 

♦ ads 

ADDRESS 
AD 


♦ ADS"* ! 


CHIP SELECT: 


READ/WRITE ^ 
R/W 


DATA OUT 
DO 


90 % 

10 % 


-♦adh 






T CEA — 

*ada — “ 

■ , doa _J2 *| 

MPEDANCEX- 

r»Tc ' 


K>oo<^Cx» 




P^fROH 


VALID 

DATA 


♦doh 


HIGH IMPEDANCE 
STATE 


DON'T CARE 


92CS-27I36 

Fig. 2 — Read-cycle waveforms. 


Fig. 1 - Functional block diagram for MW4060D, MW4060DV1, MW4060DV2. 
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MEMORY INTEGRATED CIRCUITS 


Preliminary MW4060D 


OPERATIONAL MODES 


MODE 

CHIP- 

ENABLE 

CE 

CHIP- 

SELECT 

CS 

READ/ 

WRITE 

R/W 

DATA-OUT# 

DO 

Read 

1 

0 

1 

Complement of data stored 

Write 

1 

0 

0 

Invalid data 

Read/Modify/Write 

1 

0 

1 then 0 

Complement of data stored; 
then invalid data 

Refresh 

1 

1 

X 

High impedance 

Standby 

0 

X 

X 

High impedance 


# The memory inverts between Data-In and Data-Out. Actual internal levels stored in 
the array depend on bit location. A data input 1 is a stored internal high level if the 
address state of A3 is opposite to that of A6. This is transparent to the user. 

1 = High level 0 = Low level X = Don't care 


RECOMMENDED OPERATING CONDITIONS 


CHARACTERISTIC 

LIMITS* ALL TYPES 

UNITS 

MIN. 

TYP. 

MAX. 

Supply Voltage: 






VDD 


11.4 

12 

12.6 

V 

vcc 


4.5 

5 

5.5 

V 

vbb 


-5.5 

-5 

-4.5 

V 

vss 


- 

0 

- 

V 

Input Voltage, High-Level: 






Chip-Enable 

VCEH 

V D D - 0.6 

- 

Vdd + 1 

V 

All Others 

V|H 

2.2 

- 

5.25 

V 

Input Voltage, Low-Level: 






Chip-Enable 

VCEL 

-1 

- 

0.6 

V 

All Others 

V|L 

-0.6 

~ 

0.6 

V 


STATIC ELECTRICAL CHARACTERISTICS at T A = 0°C to 70°C, V DD = 12 V ± 5%, 
Vcc = 5 V ± 10%, Vbb = -5 V ± 10%, V S S = 0 V 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS*ALLTYPES 

UNITS 

Min. 

Typ. 

Max. 

Supply Current: 







For Vdd 

'DDO 

VCEH = 0.6 V 

- 

- 

200 


For Vcc 

•cco 


- 

0.2 

- 

mA 

For Vbb 

•bbo 


- 

-5 

-100 


Input Current, High-Level: 







Chip-Enable 

ICEH 

Vce = 13.6 v 

- 

- 

2 

mA 

All Others 

IlH 

Vi = 5.5 V 

- 

- 

10 


Input Current, Low-Level: 







Chip-Enable 

•cel 

v C E = -i v 

- 

- 

±10 

pA 

All Others 

IlL 

V| = -0.6 V 

- 

- 

±10 


Output Current: 







Off -State 

<OZ 

Vo = 0 to 5.5 V 

_ 

- 

±10 

UA 

Output Voltage: 







High Level 

VOH 

Iq = 2 mA 

2.4 

- 

- 

V 

Low Level 

VOL 

Iq ” 3.2 mA 

vss 

- 

0.4 

V 


* All typical values are at T A = 25°C and nominal supply voltages. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A * 0°C to 70°C, Vqd * 12 V ± 5%, 
Vqc - 5 V + 10%, Vge * — 5 V ± 10%, V$S * 0 V, Output load * 50 pF and one 
Series 74- gate. 


CHARACTERISTIC 

MW4060D 

MW4060DV1 

MW4060DV2 

UNITS 

Typ. 

Max. 

Typ. 

Max. 

Typ. 

Max. 

Vqd Supply Current : 

At Vce high level IqqI 

_ 

60 

_ 

60 

_ 

60 

mA 

Average during Read 
or Write cycle Iqd2 

32 

- 

35 

- 

38 

_ 

mA 

Average during Read/ 
Modify/Write cycle Idd3 

37 

- 

41 

- 

45 

- 

mA 

CAPACITANCE at T A = 0 ° to 70OC. Vqd = 12 V, V C C = 5 V, V B B = -5 V, V| = 0 V, 

VCE = 0 V, f = 1 MHz, unless otherwise specified. 

CHARACTERISTIC 

TEST CONDITIONS 

Min. 

Typ. 

Max. 

UNITS 

Address C A D 


- 

5 

7 

pF 

Chip-Enable CcE 

VCEH = 10.8 V 
V C EL = -1 V 

- 

18 

23 

22 

27 

pF 

pF 

Chip-Select Ccs 


- 

4 

6 

pF 

Data-In Coi 


- 

4 

6 

pF 

Read/Write Crw 


_ 

5 

7 

PF 

Output Cq 


- 

5 

7 

pF 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A « 0°C to 70°C, Vqd - 12 V ± 5%, 
Vcc “ 5 V ± 10%, Vbb * - 5 V ± 10%, Vss * 0 V, Output Load ■ 50 pF and one Series 
74- gate. All input timing measured from low input level (0.8 V) or high input level (2 V) 
to 10% or 90% point on Vce transition edges. Output timing measured from low output 
level (0.4 V) or high output level (2.4 V) to 10% or 90% point on Vce transition edges. 
Rise time (t r ) and fall time (tf) from 10% to 90% of Vce * r * 20 ns. For waveforms, see 
Figs. 2, 3, 4 and 5. 


Read Cycle Times 




LIMITS 


CHARACTERISTIC 

MW4060D 

MW4060DV1 

MW4060DV2 

UNITS 



Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


Read Cycle 

tRC 

470 

_ 

430 

_ 

400 

_ 

ns 

Chip-Enable Active 

tCE 

300 

4000 

260 

4000 

230 

4000 

ns 

Chip-Enable Non-active 

tel 

130 

- 

130 

- 

130 

- 

ns 

Chip-Enable Rise 

tCEr 

- 

40 

- 

40 

- 

40 

ns 

Chip-Enable Fall 

tCEf 

- 

40 

- 

40 

- 

40 

ns 

Address Setup 

tADS 

0 

- 

0 

- 

0 

- 

ns 

Address Hold 

tADH 

150 

- 

150 

- 

150 

- 

ns 

Chip-Select Setup* 

tcss 

-30 

- 

-30 

- 

-30 

- 

ns 

Chip-Select Valid* 

tcsv 

150 

- 

150 

- 

150 

- 

ns 

Read Setup 

tRDS 

0 

- 

0 

- 

0 

- 

ns 

Read Hold* 

tRDH 

40 

_ 

40 

- 

40 

- 

ns 

Access from Chip-Enable 

tCEA 

- 

280 

- 

230 

- 

180 

ns 

Access from Address 

tADA 

- 

300 

- 

250 

- 

200 

ns 

Data-Out Active 

tDOA 

- 

250 

- 

200 

- 

150 

ns 

Data-Out Hold 

tDOH 

30 

i 

- 

30 

1 ~ 

30 

- 

ns 


Write Cycle Times 




LIMITS ! 


| CHARACTERISTIC 

MW4060D 


MW4060DV2 

UNITS 



Min. 

Max. 

KM 


UJJd 

EBi 


Write Cycle 

twc 

470 

- 


- 

til 

- 

ns 

Chip-Enable Active 

tCE 

300 

4000 



tml 

C21 

mm 

Chtp-Enable Non-active 

tCE 

130 

- 



Rg 


ns 

Chip-Enable Rise 

tCEr 

- 

40 

- 

ma 

- 


ns 

Chip-Enable Fall 

tCEf 

- 

40 

- 

WM 

- 

mm 

ns 

Address Setup 

tADS 

0 

- 

0 

- 

0 

- 

ns 

Address Hold 

tADH 

150 

- 

££3 

- 

i£m 

- 

ns 

Chip-Select Setup* 

t<5s 

-30 

- 

m 

- 

BEE3I 

- 

ns 

Chip-Select Valid* 

tOJV 

150 

- 

HSI 

- 

wrm 

- 

ns 

Write Setup 

tWRS 

240 

- 

WS3IL 

- 

QQH 

- 

ns 

Write Width 

tWRW 

200 

- 

BEliM 

- 

I MB 

- 

BSI 

Data-I n SetupA 

tDIS 

-15 

- 

E3 

- 

oa 

- 

ns 

Data-In Hold 

tDIH 

40 

- 

El 

- 

KB 

- 

ns 


Read/Modify /Write Cycle Times 


1 


LIMITS 


! CHARACTERISTIC 

MW4060D 

MW4060DV1 

MW4060DV2 

UNITS 



Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


Read/Modify /Write Cycle 

tRWC 

710 

- 

640 

- 

580 

- 

ns 

Chip-Enable Active 

tCE 

540 

4000 

470 

4000 

410 

4000 

ns 

Chip-Enable Non-active 

tCE 

130 

- 

130 

- 

130 

- 

ns 

Chip-Enable Rise 

tCEr 

- 

40 

- 

40 

- 

40 

ns 

Chip-Enable Fall 

tCEf 

- 

40 

- 

40 

- 

40 

ns 

Address Setup 

tADS 

0 

- 

0 

- 

0 

- 

ns 

Address Hold 

tADH 

150 

- 

150 

- 

150 

- 

ns 

Chip-Select Setup* 

tcss 

-30 

- 

-30 

- 

-30 

- 

ns 

Chip-Select Valid* 

tcsv 

150 

_ 

150 

- 

150 

- 

ns 

Read Setup 

tRDS 

0 

- 

0 

- 

0 

- 

ns 

Read Width* 

tRDW 

280 

- 

230 

- 

180 

- 

ns 

Write Setup 

tWRS 

240 

- 

220 

- 

210 

- 

ns 

Write Width 

tWRW 

200 

- 

190 

- 

180 

- 

ns 

Data In SetupA 

tDIS 

-15 

- 

-15 

- 

-15 

- 

ns 

Data-In Hold 

tDIH 

40 

- 

40 

- 

40 

- 

ns 

Access from Chip-Enable 

tCEA 

- 

280 

- 

230 

- 

180 

ns 

Access from Address 

tADA 

- 

300 

- 

250 

- 

200 

ns 

Data-Out Active 

tDOA 

- 

250 

- 

200 

- 

150 

ns 

Data-Out Hold 

tDOH 

30 


30 

- 

30 

- 

ns 

Previous Data Hold 

tPDH 

30 


30 

- 

30 

- 

ns 


* Chip-Select input is allowed to occur 30 ns after the Chip-Enable input is present. 

A New Data- 1 0 need riot be valid until 15 ns after the Read/Write input is low. 

• Chip-Select Valid (tc§v) and Read Hold (tRDH> are measured from 10% points on 
the Chip-Enable input. 
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MEMORY INTEGRATED CIRCUITS 


Preliminary MW4060D 

Refresh Cycle Times" 


i 


LIMITS 


CHARACTERISTIC 

MW4060D 



UNITS 



BAH'.W 

BMi 


EE 

U2E 

USE 


Refresh Cycle 

tRFC 

BV?n 



- 

Wm 

- 

■&■! 

Chip-Enable Active 

tCE 

e a 

Elslslsl 

E 

12231 

E 


ns 

Chip-Enable Non-active 

tCE 

u^i 

- 

lOl 

- 


- 


Chip-Enable Rise 

tCEr 

- 

HI 

- 

HI 

- 


ns 

Chip-Enable Fall 

tCEf 

- 

HI 

- 

El 

- 

40 

ns 

Address Setup 

tADS 

0 

- 

0 

- 

0 

- 

ns 

Address Hold 

tADH 

E23I 

- 


- 


- 

ns 

Chip-Select Setup* 

tcss 

WEE 

- 

El 

- 

Be 

- 

ns 

Chip-Select Valid* 

tcsv 

HUgJj 

- 

EH 

- 

HI 


ns 

Refresh Period 

tRFR 


2 


2 


2 

ms 


* Chip-Select input is allowed to occur 30 ns after the Chip-Enable input is present. 

A New Data-In need not be valid until 15 ns after the Read / Write input is low. 

• Chip-Select Valid (tg^y) anc * Read Width (tp DW> are measured from 10% point on 
the Chip-Enable input. 

■ Refresh is achieved by addressing Aq to Ag with both Chip-Select and Chip-Enable 
high. A high-i mpedan ce state exists at the output and refresh is not affected by the 
states of Read/ Write or Addresses Ag to A-j ^ . Refresh is also achieved during nor- 
mal operation. 



92CS- 27137 

Fig. 3 — Write-cycle waveforms. 


CHIP ENABLE 
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c3 
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DI 


DATA OUT 

d5 


-♦rds 


[90% 
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I STATE 
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> RED INVALID D 


* MINIMUM DATA OUT WIDTH IS », 


STORED INVALID DATA 
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Fig. 4 — Read /modify /write-cyde waveforms. 
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Fig.5 — Refresh cycle waveforms. 
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MEMORY INTEGRATED CIRCUITS 


MW7001ID 


N-Channel 1024-Word by 1-Bit 
LSI Static Random-Access 
Memory 


The RCA-MW7001 1 D is a 1024-word by 1-bit 
static random access memory fabricated with 
industry-proven high-yield n-channel metal- 
gate MOS technology. A novel refresh mecha- 
nism utilizing internal charge pumps enables 
static operation without the need for periodic 
refresh cycles. It is designed for high per- 
formance, low cost, and large bit-storage 
applications. 

The MW7001ID has on-chip Address input 
latches and requires only a low-level voltage 
swing (TTL levels) at all inputs, except 
Chip Select. TTL voltage levels greatly 
simplify over-all system design, and minimize 


the cost of memory systems of all sizes built 
with the MW7001ID. Additional economies 
can be realized from the low standby power 
consumption of this device. 

The low output capacitance allows OR-typing 
of ten^) MW7001ID's with no noticeable 
degradation in speed. A separate Chip Select 
lead allows easy selection of an individual 
device when output are OR-tied. 

The RCA-7001 1 D is packaged in 22-lead 
hermetic ceramic dual-in-line package. 

1 Increases access 4 ns 


32 x 32 BIT MEMORY ARRAY 


1 1 

CELL 



i i 

CELL 

992 


- 

1023 


CELL 

1 d 

CELL 

0 

-P-. 


i 

31 

i — 


SENSE AMP 
WRITE DRIVER 


MULTIPLEXER 




-33— 


COLUMN 

0 

1 OF 32 

COLUMN DECODER 

COLUMN 

31 

Iao Iao Iai Iai 

Iaz |a2 

|a3 ^A3 

|a4 

BUFFER 

LATCH 

BUFFER 

LATCH 


BUFFER 

LATCH 


BUFFER 

LATCH 

BUFFER 

LATCH 


r ~ ~ ^ 


J*L 


Jfl — . 


DATA IN 
DATA IN- 


T 


T 


) v ss | I 

> v sx | 

O V DD | CSO 

— Ovref j 


I OF 32 
ROW 
DECOD- 
ER 


BUFFER 

LATCH 


O a 5 


BUFFER 

LATCH 


OA6 


BUFFER 

LATCH 


O AT 


BUFFER 

LATCH 


QA8 


OA9 


J 

IK cs 


r-lU 

S v ss 


OUTPUT AMPLIFIER 


-Qdata OUT 
-Odata OUT 


COLUMN 
31 


I A0- 

J L. 


| I — 1 DD 

j 

1 3 s r? \s 

i_J | — ^ Al — I I — | A 2— I I — | A3 — I I — | A4 — I 


H-^A3 — I H-^A4 — 1 ^ 


■vss 


! J 


ADDRESS BUFFER /LATCH 



Fig. 1 — Block diagram. 
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| 

wmmmm 99 

Al 

AO 

2 

1 

21 

— A2 

Vss — 

3 

| 20 

— A3 

NC 

4 


19 

— A4 

CHARGE PUMP 

5 


18 

— VDD 

DATA IN 

6 


17 

— DATA OUT 

WRITE ENABLE 

7 


16 

— DATA OUT 

A9 

8 


15 

— VreF 

AS 

9 


14 

— CHIP SELECT 

A 7 

10 

13 

— NC 

A6 

" 


12 

— A5 


TOP VIEW 


92CS-25253RI 


Terminal Assignment 


Features 

■ Organization — 1024 words by 
1 bit 

■ TTL-compatible inputs (except 
chip select) 

■ Static memory — no refresh 
period 

■ Low power dissipation: 
510juW/Bit max. operating 
15juW/Bit max. standby 

■ Access time — 60 ns max. 

■ Cycle time — 180 ns max. 

■ On-chip address input latches 

■ Differential output sink current 

■ Chip select — simplifies memory 
expansion 

■ OR-tie capability 

■ Standard 22-pin ceramic 
hermetic package 

■ Direct replacement for 
AMS7001I, MCM7001I 


MAXIMUM RATINGS, 

Absolute-Maximum Values: 

STORAGE TEMPERATURE 
RANGE 

-55 to +125°C 

OPERATING TEMPERATURE 
RANGE* 

. . 0 to +70°C 

SUPPLY VOLTAGE RANGES 
< V DD “ V SS> 

< V REF - V SS) 

+25 to -0.5 V 

(V$x - Vss) 

-10 to +0.5 V 

(V DD - v sx ), (Vref - Vsx) 

+30 to -0.5 V 

(Vref - v dd) 

-25 to +0.5 V 

INPUT VOLTAGE RANGE 

(V| - Vss) 

+30 to -0.5 V 

OUTPUT VOLTAGE RANGE 

<v 0 -v ss > 

+30 to -0.5 V 

LEAD TEMPERATURE 
(DURING SOLDERING): 

At distance 1/16 ±1/32 in. 

(1 .59 ±0.79 mm) from case for 
10 s max 

+265°C 


*200 linear feet/ minute airflow. 
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MEMORY INTEGRATED CIRCUITS 


MW7001ID 


STATIC ELECTRICAL CHARACTERISTICS 

T a = 0°C to 70°C, Vss-0 V, V S x* -3V ±10%, V DD = +15V 15%, V REF = +7.5 V ±5% 


CHARACTERISTIC 

TEST CONDITIONS 

Min. 

Typ. 1 

Max. 

UNITS 

Supply Current: 

STANDBY 





For V sx (l sx ) 


- 

- 

150 

pA 

For Vdd (1 0D^ 


- 

1.2 

300 

pA 

For V REF (1 REF^ 

(Chip Select = Vgg) 

- 

- 

100 

pA 

For V ss (l ss ) 


- 

400 

1000 

pA 

Input Current 






High-Level 

Chip-Select OcsH) 

V CS H = V DD 

- 

- 

20 

mA 

All Others 






(Selected) (l|H) 

V,h=4V. 

Chip Select = Vgg 

- 

0.2 

20 

PA 

Change Pump (IqpL) 

Vq P H = V DD 

- 

- 

±20 

pA 

Input Current 






Low-Level : 

Address = High 





Chip Select dcs^-) 

V CS L = V SS 

- 

- 

±50 

pA 

All Others 
(Selected ( 1 j L) 

V IL = V CS L = V SS 

- 

-0.2 

±20 

pA 

Charge Pump ( 1 QpL ) 

V QP L = V SX = 5V 

- 

- 

±20 

pA 

Differential Output 
Current (Sink) (Iq) 

Flowing into Data Out 
terminal when reading 
a stored high 

0.1 

1 

- 

mA 

Output Leakage 

Current (Iql) 

V 0 = V REF 

Chip Select = Vgg 

- 

- 

2 

PA 

Input Voltage: 






High Level (V|H) 


2.4 

“ 

V REF 

V 

Low Level (V,L) 


Vss-05 

- 

V S s + 0 8 

V 

Chip Select Voltage: 






High Level <V CS H) 


1 

O 

Q 

> 

- 

< 

D 

D 

V 

Low-Level (V^gD 


Vss-0.5 


Vss + 1 

V 

Charge Pump Input 






Voltage 

High-Level (VQpH) 


VREF + 2 

- 

12 

V 

Charge Pump Input 






Voltage 

Low-Level (VQpL) 


V S X“5 

- 

CN 

1 

X 

CO 

> 

V 


1 Typical currents are at 25°C. 2Qperating supply currents are maximum at 0°C. 


DYNAMIC ELECTRICAL CHARACTERISTICS 

T a « 0°C to +70°C, Vss * 0 V, V sx » -3 V ± 10%, V DD - +15 V ±5, V REF = +7.5 V 15% 
Rise Time (t r ) And Fall Time (tf) From 10% to 90% Are 4 ns Minimum, 20 n> Maximum 


CHARACTERISTIC 

SYMBOL 

Min. 

Typ. 1 

Max. 

UNITS 

Average Operating Currents (Supply Currents are Maximum at T A =0°C, Duty Cycle Time=1 80 ns) | 

Supply Current: 






For V sx 

•sxo 

- 

- 

±175 

mA 

For Vqq 

'ddo 

- 

24 

40 

mA 

For V REF 

'refo 

- 

- 

10 

mA 

For V ss 

•sso 

- 

-45 

-65 

mA 

Read Cycle Times | 

Chip Select 

l cs 

80 

- 

500 

ns 

Unselected 

l cs 

100 

- 

- 

ns 

Address Set Up 

t ASU 

0 

- 

- 

ns 

Address Hold 

t ah 

40 

- 

- 

ns 

Write Enable Set Up 

l WS 

0 

- 

- 

ns 

Write Enable Hold 

^HR 

0 

- 

- 

ns 

Access Time (t r (CS) = 10 ns) 

*ACC 

- 

45 

60 

ns 

Read Cycle 

l RC 

180 

- 

- 

ns 

j Write Cycle Times j 

Chip Select 

l CS 

80 

- 

500 

ns 

Unselected 

l CS 

100 

- 

- 

ns 

Address Set Up 

l ASU 

0 

- 

- 

ns 

Address Hold 

l AH 

40 

- 

- 

ns 

Write Enable 

l WW 

0 

- 

- 

ns 

Write Enable Hold 

l WHW 

0 

- 

- 

ns 

Input Data Set Up 

l DSU 

0 

- 

- 

ns 

Input Data Hold 

! DHO 

0 

- 

- 

ns 

Write Cycle 

%c 

180 

- 

- 

ns 

| Charge Pump Input Pulse J 

Frequency 

' P 

_ 

- 

4 

MHz 

Duty Cycle 

- 

25 

- 

75 

% 

Rise Time 

»r 

100 

- 

250 

ns 

Fall Time 

tf 

100 

- 

250 

ns 

j Capacitance ( V | = Vgg, f = 1 MHz Unless Otherwise Specified) J 

Address 

O 

> 

D 

- 

- 

6 

pF 

Chip-Select 

c cs 

~ 

- 

60 

PF 

Write-Enable 

C WE 


- 

6 

pF 

Data Input 

C DI 

- 

- 

6 

pF 

Data Output 

c DO 

- 

- 

6 

PF 

Change Pump 

C QP 

- 

- 

70 

PF 

(V CP = v ss ) 






Change Pump 

Cqp 

- 

- 

100 

PF 

(V C P = V SX )» 







^Device not under power 


,0 a 
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AMBIENT TEMPERATURE (T A >— *C 

92CS-26730 


Fig. 2 — Minimum charge pump frequency vs. 
ambient temperature. 



92CS-267JI 


Fig. 3 — Access time vs. ambient temperature. 



92CS- 26732 


Fig. 4 — Normalized current vs. ambient 
temperature. 
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MEMORY INTEGRATED CIRCUITS 


MW7001ID 



Fig. 5 -a — Typical supply circuit waveforms during 
selection period. 



3. Output Loading is 
Rj_ = 100 n 

Cl -7 30 pF I ncludes device and jig\ Fig. 6 — Test load. 

^ capacitance / 



t RC m 

t r (CS) tf(CS) 

*00 

CHIP 

SELECT 

V SS !22L) 

r 

^V S S + I5)V \ 

t 

L J 

Vrr ___ 

* tes * 

* , , m 

AODR. 

> > 


Vcc “ ^'ASU 
write Z/\Qwsy. 

ENABLE u„ /V/VV| L 

« — Uho-*! 

JWHO. 


DATA OUT 10 n 

V 

_^to~(+VT) 

Ssriif f<< UCC 

(DIFFERENTIAL) ~ 


to ~(- Vj) 
r-l.275)V 

STROBE (2) 



V REF~ 1 75,v 

m t ACC Sj 


92CS-2526IRI 

NOTES 1 : Voltage at Data Out Terminal with respect 
to Data Out. 

2: Strobe signal at Strobe Input of Sense 
Amplifier Latch. 

Fig. 8a. — Read cycle waveforms. 



b — Typical current waveforms during 
selection period. 



Fig. 8b. — Write cycle waveforms. 


FROM OSCILLATOR (4 MHz MAX.) 



current source to replenish the 
charge lost in Cl and C2. 

92CS- 25255RI 

Fig. 7 — Memory cell configuration. 
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MEMORY INTEGRATED CIRCUITS 


Preliminary MWS5001D 


SOS 1024-Bit 
COS/MOS LSI Static 
Random Access Memory 

Features: 

■ Organization— 1024 words by 1 bit 

■ Fully static operation— no external clocks required 

■ Access time— 150 ns (typ.) @ Vpp = 5V 

■ Cycle time— 160 ns (typ.) @ Vpp = 5 V 

■ Low power dissipation: 

0.1 juW/Bit (typ.) standby @ Vpp = 5 V 
4 /uW/Bit (typ.) operating @ Vpp = 5 V 

■ Operation from a single power supply— 

Vpp = 4.5 to 6 V 

■ High noise immunity— 30% of Vpp (typ.) 

■ TTL output drive capability 

■ Three-state data output for bus-oriented systems 


csO- 

R/WO- 




ROW 

BUFFERS 


A , 0 O v- 

I 

A3 O 

DIO 

A5 O 


DIO 



aO 


j 

1/16 

ROW 

DECODER 

i 

o3_ 


rh 


COL. O COL. 


CS R/W-A4 







16X32 

CELL ARRAY 







i>tW 


1/32 

COLUMN DECODER 


CS - R/W-A4| 


1/16 

ROW 

DECODER 


4) 


□ROjA/0 L j )>j 


COLUMN BUFFERS 


r liT 


V DD 



— O A4 
| QA4 


DO 

f-o 


COLUMN BUFFERS 






16X32 

CELL ARRAY 










Fig. 1— Functional block diagram . 


The RCA-MWS5001 D is a 1024-word by 
1-bit static random access memory designed 
for use in memory systems where high speed, 
low power, and ease of use are primary 
design requirements. These characteristics are 
obtained primarily from the use of self- 
aligned silicon-gate COS/MOS SOS techno- 
logy. 

The output state of the MWS5001D is a 
function of the input address and chip- 
select states only. Valid data will appear at 
the output in one access time following the 
latest address change to a selected chip. 
After valid data appears, the address may 
then be changed immediately. It is not 
necessary to clock the chip select input or 
any other input terminal for fully static 
operation, therefore the chip select input 
may be used as an additional address input. 
When the device is in an unselected state 
( 15=1 ), the internal write circuitry and out- 
put sense amplifier are disabled. This feature 
allows the three-state data outputs from 
many arrays to be OR-tied to a common bus 
for ease of memory expansion. 

The MWS5001 is supplied in a hermetically 
sealed 16-lead dual-in-line ceramic package 
(D suffix) or in chip form (H suffix). 


MAXIMUM RATINGS, 

Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE 

—65 to +150°C 

OPERATING TEMPERATURE RANGE 

-20 to +85°C 

DC SUPPLY VOLTAGE RANGE 

(V DD -V SS > —0.5 to +6 V 

ALL INPUTS V $s < V, < V DD 

RECOMMENDED DC SUPPLY VOLTAGE 

(V DD“ V SS ) 4.5 to 6 V 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch 
(1.59 ± 0.79 mm) from case 
for 1 0 seconds max 265°C 



Fig. 2—Memory cell configuration. 


* Standby current is independent of any input state. 


TRUTH TABLE 


INPUTS 

OUTPUT 

READ/ 

WRITE 

R/W 

CHIP- 

SELECT 

es - 

DATA 

OUTPUT 

DO 

X 

1 

High Impedance 

0 

X 

High Impedance 

1 

0 

Contents of 
Addressed Cell 


X = DON'T CARE LOGIC 1 = HIGH 

LOGIC 0 = LOW 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C, V DD =5V± 5% 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 


v 0 (V) 

Quiescent Device Current* l[_ 



20 

/lA 

Quiescent Device Dissipation* Pq 



100 

jUW 

Output Voltage: 

Low Level Vql 



0.01 

V 

High Level Vqh 



4.99 

V 

Vml 

All Inputs 

3.6 

1.5 

V 

ivoise immunity — - 

V NH 

All Inputs 

1.4 

1.5 

V 

Output Drive Current: 

N-Channel (Sink) IpN 

Data Output 
(Sink) 

0.4 

2 

mA 

P-Channel (Source) IpP 

Data Output 
(Source) 

4.6 

1 

mA 

Data Output Off- Resistance Rp(Off) 

Data Output 
High Imped- 
ance State 


5 

MJ2 

Input Current l| 

Any Input 


1 

nA 
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MEMORY INTEGRATED CIRCUITS 


Preliminary MWS5001D 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, 
Vqd = 5 V ± 5%, Input t r ,tf = 20 ns, and Cj_ = 30 pF 


CHARACTERISTIC 

TYPICAL VALUES 

UNITS 

Read Cycle Times: | 

Read Access 

l RA 

150 

ns 

Read Cycle 

*RC 

160 

ns 

Output Enable 

l EN 

60 

ns 

Read/Write Hold 

l \N H 

50 

ns 

Read/Write Set-Up 

% S 

50 

ns 

Output Disable 

l DIS 

20 

ns 

| Write Cycle Times: ] 

Write Cycle 

l WC 

160 

ns 

Read/Write Hold 

l WH 

50 

ns 

| Read/Write Pulse Width tyy | 

60 

ns 

Read/Write Set-Up 

% S 

50 

ns 

Input Data Set-Up 

l DS 

30 

ns 

Input Data Hold 

tDH 

30 

ns 

| Read/Modify /Write Cycle Times: | 

Read /Modify/Write 




Cycle 

l MC 

270 

ns 

Read Hold 

tRH 

160 

ns 

Read Access 

*RA 

150 

ns 

Output Enable 

*EN 

60 

ns 

Read/Write Pulse Width tyy 

60 

ns 

Read/Write Set-Up 

l WS 

50 

ns 

Input Data Set-Up 

tDS 

30 

ns 

Input Data Hold 

l DH 

30 

ns 

Output Disable 

tDIS 

20 

L 

ns 



9 2C S - 27033 

Fig. 3— Typical power dissipation 
vs. cycle time. 



92CS- 27034 

Fig. 4— Typical access time vs. 
ambient temperature. 
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(NOTE 5) 
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1 "" ^ /| IMPEDANCE 1 



READ/MODIFY/ WRITE -CYCLE WAVEFORMS. 

92CL— 27035 


Fig. 5— Read cycle, write cycle, and read /modify /write cycle waveforms. 

Note 1. Chip-Select (C5) permitted to change from high to low level 
or remain low_on a selected device. 

Note 2. Chip-Select (CS) permitted to change from low to high level 
or remain low. _ 

Note 3. Read/Write (R/W) must be at a high level during all address 
transitions. 

Note 4. Don't care. 

Note 5. Data-Out (DO) is a high impedance within tpjs ns after the 
falling edge of R/W or the rising edge of CS. 
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MEMORY INTEGRATED CIRCUITS 


Preliminary MWS5040D 


SOS 256-Word by 4-Bit COS/MOS LSI Static 
Random-Access Memory 


The RCA-MWS5040D is a 256-word by 
4-bit static random-access memory designed 
for use in memory systems where high speed, 
low power, and simplicity in use are desirable. 
The design of this device utilizes self-aligned 
silicon-gate technology. The MWS5040D has 
separate data inputs and data outputs and is 
operated from a single 5-volt supply. Two 
Chip-Select inputs are provided to simplify 
system expansion. An Output Disable control 
provides Wire-OR capability and is also useful 
in common Input/Output systems. After 
valid data appears at the output, the address 
inputs may be changed immediately. This 
output data will be valid until either the Out- 
put Disable input or the Chip-Select input is 
high, or the new data of the next memory 
cycle is applied. 


The MWS5040D is supplied in a 22-lead her- 
metic dual-in-line side-brazed ceramic pack- 
age (D suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, 

Absolute- Maxi mum Values: 

STORAGE TEMPERATURE RANGE 

—65 to +1 50°C 

OPERATING TEMPERATURE RANGE 

—20 to +85 C 

DC SUPPLY VOLTAGE RANGE 

(V DD -V SS ) -0.5 to +6 V 

ALL INPUTS V SS^ V I <V DD 

RECOMMENDED DC SUPPLY VOLTAGE 

( V DD - V SS ) 4.5 to 6 V 

LEAD TEMPERATURE (During Soldering) : 

At distance 1 /1 6±1 /32 inch (1 .59 ±0.79 mm) 
from case for 1 0 seconds max . . 265 C 



A3 

I* 

22 

— v DD 

A2 

2 

21 

A4 

A 1 

3 

20 

READ/WRITE 

AO 

4 

19 

CHIP SELECT 1 

A5 

5 

18 

OUTPUT DISABLE 

A6 — - 

6 

17 

CHIP SELECT 2 

A 7 

7 

16 

— - DATA OUT 4 

Vss 

8 

15 

DATA IN 4 

DATA IN 1 

9 

14 

DATA OUT 3 

DATA OUT 1 

10 

13 

DATA IN 3 

DATA IN 2 

II 

12 

DATA OUT 2 


92CS- 27260 


TERMINAL ASSIGNMENT 


Features: 

■ Organization — 256 words by 4 bits 

■ Fully static operation — no external clocks 
required 

■ Access time — 150 ns (typ.) @ Vpp = 5 V 

■ Cycle time — 160 ns (typ.) @ Vpp = 5 V 

■ Low power dissipation: 

0.15 mW/package standby @ Vpp = 5V 
4 mW/package operating @ Vpp = 5 V 

■ Separate data inputs and outputs 

■ Two Chip- Select inputs to simplify memory 

system expansion 

■ Output Disable to allow common I/O 
system 

■ Operation from a single power supply — 

Vpp = 4.5 to 6 V 

■ High noise immunity — 30% of Vpp (typ.) 

■ TTL output drive capability 

■ Three-state data output for bus-oriented 
systems 

■ Pin -compatible with Intel 5101 


Voo 



Fig. 2 — Memory cell configuration for MWS5040D. 


Fig. 1 — Functional block diagram for MWS5040D. 
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MEMORY INTEGRATED CIRCUITS 


Preliminary MWS5040D 


OPERATIONAL MODES 


MODE 

READ/ 

CHIP 

CHIP 

SELECT 2 

cs 2 

OUTPUT 

DISABLE 

OD 

DATA OUT 

DO 

WRITE 

R/W 

SELECT 1 
CSt 

Read 

mm 

0 

1 

0 

Storage State of 
Addressed Cell 


0 

0 

1 

1 

High Impedance 

Write 

0 

0 

1 

0 

New Data Instate 

Standby 

X 

1 

X 

X 

High Impedance 

Standby 

X 

X 

0 

X 

High Impedance 

Output 

Disable 

X 

X 

X 

1 



LOGIC 1= HIGH LOGIC 0 - LOW X = DON'T CARE 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C, V DD = 5 V ± 5% 





g 


(V 0 (V) 

Quiescent Device Current* II 



30 


Quiescent Device Dissipation* Pp 



150 


Output Voltage: 

Low Level Vql 




n 

High Level Vqh 



4.99 

V 


JSESSBM 


1 

V 


□ESI 

4.5 

1 

V 

Output Drive Current: 

N-Channel (Sink) l D N 

Data Output 

(Sink) 

0.4 

2 

j^H 

P-Channel (Source) IpP 

Data Output 

(Source) 

4.6 

1 

mA 

Data Output Off- Resistance RplOff) 

Data Output 
High Imped- 
ance State 


5 

MO 


* Standby current is independent of any input state. 

A Input high level = 3.5 V, input low level = 1.5 V for non inverting inputs. 


CAPACITANCES at T A = -20 to +80°C, V DD = 5 V 
V, = 0 V, Vss = 0 V, f = 1 MHz 


CHARACTERISTIC 

TYPICAL 

VALUES 

UNITS 

Input C| 

5 

PF 

Output Cq 

5 

pF 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A * 25°C, V QD = 5V ±5%. 
Input t r , tf - 20 ns, and C|_ * 30 pF. For waveforms, see Fig. 3. 

Read Cycle Times 


CHARACTERISTIC 

LIMITS 

UNITS 

Typ. 

Read Cycle 

t RC 

160 

ns 

Access from Address 

X ADA 

150 

ns 

Read Setup 


50 

ns 

Read Hold 


50 

ns 

Output Active from Chip-Select 1 

t DOA1 

25 

ns 

Output Active from Chip-Select 2 

l DOA2 

20 

ns 

Output Active from Output Disable 


20 

ns 

Output Hold from Chip-Select 1 

■BB 

25 

ns 

Output Hold from Chip-Select 2 


20 

ns 

Output Hold from Output Disable 

t DOH3 

20 

ns 


Write Cycle Times 


CHARACTERISTIC 

LIMITS 

UNITS 

Typ. 

Write Cycle 

l WC 

160 

ns 

Chip Select 1 Setup 

tcssi 

70 

ns 

Chip-Select 2 Setup 

t CSS2 

60 

ns 

Read Hold 


50 

ns 

Write Setup 


110 

ns 

Write Width 

*WRW 

60 

ns 

Data In Width Effective 

X DHN 

30 

ns 

Data In Hold 

l DIH 

30 

ns 


Read/Modify/Write Cycle Times 


CHARACTERISTIC 

LIMITS 

UNITS 

Typ. 

Read/Modity/Write Cycle 

*RWC 

270 

ns 

Access from Address 

l ADA 

150 

ns 

Read Width 

*RDW 

160 

ns 

Write Setup 

l WRS 

110 

ns 

Write Width 

*WRW 

60 

ns 

Previous Data Hold 

tPDH 

20 

ns 

Data In Width Effective 

l DIW 

30 

ns 

Data In Hold 

tom 

30 

ns 

Output Active from Chip- Select 1 

t DOA^ 

25 

ns 

Output Active from Chip- Select 2 

t DOA2 

20 

ns 

Output Active from Output Disable 

l DOA3 

20 

ns 

Chip-Select 1 Hold 

l CSH1 

5 

ns 

Chip- Select 2 Hold 

t CSH2 

0 

ns 

Output Hold from Output Disable 

t DOH 

20 

ns 



7 7777 . 

/ //// DON'T cane 


CHIP SELECT I 


CHIP SELECT 2 



• wc 

C =) 

vzz. 

/s' s 

p^r 


1 / 
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! m 
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'* ,s 

c * 

(• *oiw *1 


1 

t 

-r-'dih 








WRITE CYCLE WAVEFORMS 

DON'T CARE 
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Y//A 
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jr 
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OUTPUT DISABLE *0OA3^ 

(SEE NOTE) 


^ 1 DOH 
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•AOA-»i*H 
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• WRW *5 

•“'PDH 

r 

HIGH 
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DATA OUT iTOTJ | 
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y 

■ 'oiw H 
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Fig. 3 - Read cycle, write cycle, and read/modify /write cycle waveforms. 
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MEMORY INTEGRATED CIRCUITS 


Preliminary MWS5501D 


SOS 1024-Bit 
COS/MOS LSI Static 
Random Access Memory 


The RCA-MWS5501 D is a 1024-word by 
1-bit static random access memory designed 
for use in memory systems where high speed, 
low power, and ease of use are primary 
design requirements. These characteristics are 
obtained primarily from the use of self- 
aligned silicon-gate COS/MOS SOS techno- 
logy. 

The output state of the MWS5501D is a 
function of the input address and chip- 
select states only. Valid data will appear at 
the output in one access time following the 
latest address change to a selected chip. 
After valid data appears, the address may 


MAXIMUM RATINGS, 

Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE 

—65 to +150°C 

OPERATING TEMPERATURE RANGE 

-20 to +85°C 

DC SUPPLY VOLTAGE RANGE 

^DD~^SS^ —0.5 to +1 1 V 

ALL INPUTS V $s < V, < V DL 

RECOMMENDED DC SUPPLY VOLTAGE 

(Vqq— V gg) 4.5 to 10 V 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch 
(1.59 ± 0.79 mm) from case 
for 10 seconds max 266°C 


then be changed immediately. It is not 
necessary to clock the chip select input or 
any other input terminal for fully static 
operation, therefore the chip select input 
may be used as an additional address input. 
When the device is in an unselected state 
(C5=1), the internal write circuitry and out- 
put sense amplifier are disabled. This feature 
allows the three-state data outputs from 
many arrays to be OR-tied to a common bus 
for ease of memory expansion. 

The MWS5501 is supplied in a hermetically 
sealed 16-lead dual-in-line ceramic package 
(D suffix) or in chip form (H suffix). 

Features: 

■ Organization— 1024 words by 1 bit 

■ Fully static operation— no external clocks 
required 

■ Access time- 90 ns (typ.) @ Vpp * 10 V 

■ Cycle time-100 ns (typ.) @ Vpp = 10 V 

■ Low power dissipation: 

3 fj. W/Bit (typ.) standby @ Vpp * 10 V 
20 juW/Bit (typ.) operating @ Vpp * 10 V 

■ Operation from a single power supply— 

Vpp - 4.5 to 10 V 

■ High noise immunity-30% of Vpp (typ.) 

■ TTL output drive capability 

■ Three-state data output for bus-oriented 
systems 

■ Pin compatible with 6508 types 


OPERATIONAL MODES 


MODE 

INPUTS 

OUTPUT 

READ/ 

WRITE 

R/W 

CHIP 

SELECT 

CS 

DATA 

OUTPUT 

DO 

Standby 

X 

1 

High Impedance 

Write 

0 

X 

High Impedance 

Read 

1 

0 

Contents of 
Addressed Cell 


X = DON'T CARE LOGIC 1 = HIGH 

LOGIC 0 = LOW 


CHIP-S^LECt 
AO 
Al 
A2 
AS 
A4 

DATA-OUT 

v$s 

(TOP VIEW) 

92CS-2T050 


|« 16 

— 'too 

2 19 

— DATA-M 

S 14 

— RE AO/ WRITE 

4 IS 

— A9 

9 12 

— A8 

i II 

— AT 

7 10 

— A6 

• 9 

— A9 


Terminal Assignment 



V DD 

Fig. 2 - Memory cell configuration. 



AMBIENT TEMPERATURE (Ta) — *C 

92CS- 27305 


Fig. 3 — Typical access time vs. ambient temperature. 
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Fig. 1 -Functional block diagram. 
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MEMORY INTEGRATED CIRCUITS 


Preliminary MWS5501D 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Vp D = 10 V ± 5% 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 


> 

O 

> 

Quiescent Device Current * II 



300 

AA 

Quiescent Device Dissipation* Pq 



3000 

pW 

Output Voltage: 

Low Level Vq l 



0.01 

V 

High Level Vqh 



9.99 

V 

V|yjL 

All Inputs 

8.6 

1.5 

V 

V NH 

All Inputs 

1.4 

1.5 

V 

Output Drive Current: 

N-Channel (Sink) IqN 

Data Output 
(Sink) 

0.5 

3.5 

mA 

P-Channel (Source) IqP 

Data Output 
(Source) 

9.5 

1.5 

mA 

Data Output Off- Resistance RglOff) 

Data Output 
High Imped- 
ance State 


5 


Input Leakage Current, * 1 1 _» 1 1 h 

Any Input 


1 

HA 


* Standby current i* independent of any input state. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C r V DD = 10 V ± 5%, 
Input t r ,tf = 20 ns, and C L = 30 pF 


CHARACTERISTIC 

TYPICAL VALUES 

UNITS 

Read Cycle Times: | 

Read Access 

: RA 

90 

ns 

Read Cycle 

l RC 

100 

ns 

Output Enable 

l EN 

30 

ns 

Read/Write (fold 

l WH 

30 

ns 

Read/Write Set Up 

l WS 

30 

ns 

Output Disable 

l DIS 

15 

ns 

Write Cycle Times: | 

Write Cycle 

*WC 

100 

ns 

Read/Write Hold 

l WH 

25 

ns 

Read/Write Pulse Width tyy 

40 

ns 

Read/Write Set Up 

X \NS 

35 

ns 

Input Data Set Up 

l DS 

20 

ns 

Input Data Hold 

T t>H 

15 

ns 

Read/Modify /Write Cycle Times: | 

Read /Modify /Write 
Cycle 

l MC 

175 

ns 

Read Hold 

l RH 

100 

ns 

Read Access 

l RA 

90 

ns 

Output Enable 

l EN 

30 

ns 

Read/Write Pulse Width 

tw 

40 

ns 

Read/Write Set Up 

l \NS 

35 

ns 

Input Data Set-Up 

X DS 

20 

ns 

Input Data Hold 

{ DH 

15 

ns 

Output Disable 

'DIS 

15 

ns 


CAPACITANCES at T A = 25°C, V DD = 10 V, 
Vj » 0 V, V ss = 0 V, f » 1 MHz 


CHARACTERISTIC 

TYPICAL 

VALUES 

UNITS 

Input Cj 

5 

PF 

Output Cq 

5 

PF 



t RA * 


55 wz/M 

'}M/////////////hr~-~i 

Z//ArA?: 




A0-A9 ^ 

L )nc 

/ 






R/W /(NOT E L m 
(NOTE 3) , ws 

f WH' 

1- 


TTT7T77T, 

7/ (NOTE 4)' 

tDIS 

HIGH 

DO 

(NOTE 5) 

. t RA jf 

1 



Impedance 


READ -CYCLE WAVEFORMS. 



i 1 


CS (NOTE 1 )//; 

Z////// { Miv, 




A0-A9 ^ 

r ~ A 

1 

\ 

L WC 1 





R/W 

(NOTE 3) — ► 

^ t w ^ ! 

f WS 

DH 

— 

f WH W- — ►) 1 

\* ’DS *T 

“ Mb 

y, '///// A , 

"IL 

V/////mv. 


WRITE -CYCLE WAVEFORMS. 



! ra ** 

L 


_ ///// 

CS / (NOTI 






A0-A9 ^ 


f 

K ,MC ’) 






R/W 

(NOTE 3) 

_ :\ 

J 





1j 

DH 

"v 

H 

Q 


X 

w///mz. 


■ 

^ f DIS 
/\| HIGH 


DO 

(NOTE 5) 

J 

^ /| IMPEDANCE 



READ/MODIFY/WRITE-CYCLE WAVEFORMS. 


Fig. 4 — Read cycle , write cycle, and read /modify /write cycle waveforms. 

Note 1 . Chip-Select (C5) permitted to change from high to low level 
or remain low on a selected device. 

Note 2. Chip- Select (C§) permitted to change from low to high level 
or remain low. _ 

Note 3. Read/Write (R/W) must be at a high level during all address 
transitions. 

Note 4. Don't care. 

Note 5. Data-Out (DO) is a high impedance within tQjg ns after the 
falling edge of R/W or the rising edge of CS. 
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MEMORY INTEGRATED CIRCUITS 


Preliminary MWS5540D 


SOS 256-Word by 4-Bit COS/MOS LSI Static 
Random Access Memory 


The RCA-MWS5540D is a 256-word by 4-bit 
static random-access memory designed for use 
in memory systems where high speed, low 
power, and simplicity in use are desirable. 
The design of this device utilizes self-aligned 
silicon-gate technology. The MWS5540D has 
separate data inputs and data outputs and is 
operated from a single 10-volt supply. Two 
Chip-Select inputs are provided to simplify 
system expansion. An Output Disable | control 
provides Wire-OR capability and is also useful 
in common Input/Output systems. After 
valid data appears at the output, the address 
inputs may be changed immediately. This 
output data will be valid until either the Out- 
put Disable input or the Chip-Select input is 
high, or the new data of the next memory 
cycle is applied. 

The MWS5540D is supplied in a 22-lead her- 
metic dual-in-line side-brazed ceramic pack- 
age (D suffix), and in chip form (H suffix). 


Features: 

■ Organization— 256 words by 4 bits 

■ Fully static operation— no external clocks 
required 

■ Access time— 90 ns (typ.) @ Vpp * 10 V 

■ Cycle time— 100 ns (typ.) @ Vpp ■ 10 V 

■ Low power dissipation: 

3 jiW/Bit (typ.) standby @ Vpp * 10 V 
20 fj. W/Bit (typ.) operating @ Vpp = 10 V 

■ Separate data inputs and outputs 

■ Two Chip-Select inputs to simplify memory 

system expansion 

■ Output Disable to allow common I/O 

system 

■ Operation from a single power supply — 

V DD = 4.5 to 10 V 

■ Noise immunity — 30% Vpp 

■ TTL output drive capability 

■ Three-state data output for bus-oriented 

systems 

■ Pin compatible with 5101 types 


MAXIMUM RATINGS, 

Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE 

—65 to +150°C 

OPERATING TEMPERATURE RANGE 

-20 to +85°C 

DC SUPPLY VOLTAGE RANGE 

(V DD -V SS ) -0.5 to +1 IV 

ALL INPUTS V SS^ V I^ V DD 

RECOMMENDED DC SUPPLY VOLTAGE 

<V DD -V SS ) 4.5 to 10 V 

LEAD TEMPERATURE (During Soldering): 

At distance 1/1 6± 1/32 inch (1.59 ±0.79 mm) 0 
from case for 10 seconds max. 265 C 


A3 

I* 

22 * 

A2 

2 

21 

A 1 

3 

20 

AO 

4 

19 

AS 

5 

18 

A6 

6 

17 

A 7 

7 

16 

v ss — 

8 

1 5 

DATA IN 1 

9 

14 

OATA OUT ! 

iC 

; 3 

DATA IN 2 — 

II 

12 


| — V DD 

-A4 

- READ/ WRITE 
1— CHI* StLtct I 
OUTPUT DISABLE 
CHIP SELECT 2 
OATA OUT 4 

| DATA IN 4 

DATA OUT 3 

DATA OUT 2 


»2CS- 2T240 

Terminal Assignment 


Vdo 


CHIP -SELECT 2 


READ/WRITE 



<T7 



J 

fff/W 

1/16 ROW DECODER 




A 

I 

CS 


CH 

i — i 

ROW BUFFERS 

\ 1 — i 1 — r 


OATA IN I 
©- 
DATA IN 2 
&- 


4@ 




60 — 8 




® V SS 



Fig. 2 — Memory cell configuration for MWS5540D. 


2x16 x 16 ARRAY 


BIT No. 1 COLUMN BUFFER 

S A B OUTPUT 
BUFFER 

BIT No. 2 COLUMN BUFFER 

SAB OUTPUT 
BUFFER 




DATA IN 3 
© — 


1— cs 05 


BIT No. 3 CC 

ILUMN BUFFER 

S-A B OUTPUT 
BUFFER 

BIT No 4 COLUMN BUFFER 

SA B OUTPUT 
BUFFER 


OATA OUT 3 
— *0 

— ►© 

DATA OUT 4 


2x16x16 ARRAY 


R/W 

CS 




ROW BUFFERS 


ISABLE p. 

® ^CS-OE 


1/16 ROW DECODER 


TT 


IX 


oO qO o3 o3 

Fig. 1 — Functional block diagram for MWS5540D. 
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MEMORY INTEGRATED CIRCUITS 


Preliminary MWS5540D 


OPERATIONAL MOOES 


MODE 

READ/ 

WRITE 

R/W 

CHIP 
SELECT 1 
CS! 

CHIP 

SELECT 2 

CSj 

OUTPUT 

DISABLE 

OD 

DATA OUT 

DO 

Read 

1 

0 

1 

0 

Storage State of 
Addressed Cell 

Write 

0 

0 

1 

1 

High Impedance 

Write 

0 

0 

1 

0 

New Data In State 

Standby 

X 

1 

X 

X 

High Impedance 

Standby 

X 

X 

0 

X 


Output 

Disable 

X 

X 

X 

1 

High Impedance 


LOGIC 1 - HIGH LOGIC 0= LOW X = DON'T CARE 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C, V D0 = 10 V ± 5% 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 


v 0 (V) 

Quiescent Device Current * II 



300 

juA 

Quiescent Device Dissipation * Pq 



3000 

pW 

Output Voltage: 

Low Level Vq|_ 



0.01 

V 

High Level Vq h 



9.99 

V 

V NL 

All Inputs 

8.6 

1.5 

V 

V NH 


1.4 

1.5 

V 

Output Drive Current: 

N-Channel (Sink) IqN 


0.5 

mm 

mA 

P-Channel (Source) IqP 

Data Output 
(Source) 


1.5 

m A 

Data Output Off- Resistance RQ(Off) 

Data Output 
High Imped- 
ance State 

■ 

n 

mH 

Input Leakage Current, * 1 L* * 1H 

Any Input 


i 

pA 


*Standby current is independent of any input state. 


CAPACITANCES at T A = 25°C, V DD = 10 V, 
V, = 0 V, Vgg = 0 V, f = 1 MHz 


CHARACTERISTIC 

TYPICAL 

VALUES 

UNITS 

Input 

C| 

5 

PF 

Output 

Co 

5 

PF 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, V DD - 10 V ±5%, 
Input t r , tf = 20 n*, and C|_ = 30 pF. For waveforms, see Fig. 3. 

Read Cycle Times 


CHARACTERISTIC 

LIMITS 


Typ- 


Read Cycle 

*RC 

90 

ns 

Access from Address 


100 

ns 

Read Setup 


30 

ns 

Read Hold 

urn Mi 

30 

ns 

Output Active from Chip-Select 1 

t D0A1 

20 

ns 

Output Active from Chip- Select 2 

t DOA2 

15 

ns 

Output Active from Output Disable 

*DOA3 

15 

ns 

Output Hold from Chip-Select 1 

*DOH1 

20 

ns 

Output Hold from Chip-Select 2 

t DOH2 

15 

ns 

Output Hold from Output Disable 

l DOH3 

15 

ns 


Write Cycle Times 


CHARACTERISTIC 

LIMITS 

UNITS 

Typ. 

Write Cycle 

%C 

100 

ns 

Chip-Select 1 Setup 

'CSSI 

45 

ns 

Chip-Select 2 Setup 

t CSS2 

40 

ns 

Read Hold 

*RDH 

35 

ns 

Write Setup 

t WRS 

65 

ns 

Write Width 

*WRW 

40 

ns 

Data In Width Effective 

t DIW 

20 

ns 

Data In Hold 

t DIH 

15 

ns 


Read/Modify/Write Cycle Times 


CHARACTERISTIC 



Typ. 

Read/Modity /Write Cycle 

*RWC 

175 

ns 

Access from Address 

*ADA 


ns 

Read Width 

l RDW 

100 

ns 

Write Setup 

%RS 

65 

ns 

Write Width 

%RW 

40 

ns 

Previous Data Hold 

t PDH 

15 

ns 

Data In Width Effective 

l DIW 

20 

ns 

Data In Hold 

t DIH 

20 

ns 

Output Active from Chip-Select 1 

t DOA1 

20 

ns 

Output Active from Chip-Select 2 

t DOA2 

15 

ns 

Output Active from Output Disable 

t DOA3 

15 

ns 

Chip-Select 1 Hold 

*CSH1 

5 

ns 

Chip-Select 2 Hold 


0 

ns 

Output Hold from Output Disable 

t DOH 

15 

ns 





Fig 3 - Read cycle, write cycle, end read/modify /write cycle waveforms. 
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MICROPROCESSOR INTEGRATED CIRCUITS 


Selection Chart 


Part Number Designations 

The CDP1800 Series includes the complete family of 
8-bit microprocessor CPUs featuring the COSMAC 
architecture, plus compatible memory and input/ 
output interfacing support circuits. Numbers for this 


series are assigned in the following categories: 

CDP1801-1809 CPU 
CDP1821-1829 RAM 
CDP1831-1839 ROM 
CDP1851-1859 I/O 


CPUs 

CDP1802C 

1 chip, 4 to 6 V 

RAMs 

CDP1821SC 

1024 x 1,4 to 6 V 

CDP1802 

1 chip, 3 to 12 V 

CDP1821S 

1024 x 1, 4 to 10 V 

CDP1801C 

2 chips, 4 to 6 V 

CDP1822SC 

256 x 4, 4 to 6 V 

CDP1801 

2 chips, 3 to 12 V 

CDP1822S 

256x4, 4 to 10 V 

ROMs 
CDP1831 C 
CDP1831 

512 x 8, 4 to 6 V 

512x8, 3 to 12 V 

CDP1824C 

CDP1824 

I/Os 

32 x 8, 4 to 6 V 
32x8, 3 to 12 V 

CDP1832C 

512x8, 4 to 6 V 

CDP1852C 

Byte I/O, 4 to 6 V 

CDP1832 

512 x8, 3 to 12 V 

CDP1852 

Byte I/O, 3 to 12 V 


The CDP18S00 Series includes all the hardware and 
software support systems based on COSMAC micro- 
processors. Numbers for this series are assigned in the 
following categories: 


CDP18S00 1-099 

CDP18S101-899 

CDP18S901-999 


Hardware Development 
Systems 

PC Card Assemblies 
Software Systems 


Hardware Systems 

CDP18S011 Microtutor 
CDP18S020 Evaluation Kit (1802) 
CDP18S001 Basic COSMAC 


Development System 
CDP18S002 Stand-Alone CDS 
CDP18S004 Stand-Alone CDS 

with 1802 Emulator 
CDP18S801 Floppy Disc 


Software Systems 


CDP18S900 

CDP18S901 

CDP18S910 

CDP18S911 


CSDP Tape (1801) 
CSDP Deck (1801) 
CSDP II Tape (1802) 
CSDP II Deck (1802) 


PC Cards 

CDP18S101 1802 Emulator Card 
CDP18S200 IK RAM Card 
CDP18S201 4K RAM Card 
CDP18S400 512-Byte PROM Card 
CDP18S500 Monitor Card 
CDP18S501 Byte I/O Card 
CDP18S502 Extender Card 


Support Literature 

MPM-101 User Manual for the CDP1801 COSMAC Microprocessor 

MPM-102 Program Development Guide for the CDP1801 COSMAC Microprocessor 

MPM-109 Microtutor Instruction Manual 

MPM-201 User Manual for the CDP1802 COSMAC Microprocessor 

MPM-202 Program Development Guide for the CDP1802 COSMAC Microprocessor 

on Time-Sharing Systems 

MPM-203 CDP1802 Evaluation Kit Manual 

MPM-204 CSDP II Installation Manual 

MPM-208 Program Development and Operator's Guide for the COSMAC Development System 
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MICROPROCESSOR INTEGRATED CIRCUITS 


CDP1801D, CDP1801CD 


RCA CDP1801, CDP1801C Microprocessor (COSMAC) 

CDP1801U, CDP1801CU Microprocessor Control 1C 
CDP1801R, CDP1801CR Microprocessor Register 1C 


The RCA-CDP1801 and CDP1 801 C Micropro- 
cessors (COSMAC) are LSI COS/MOS, 8-bit 
register-oriented central-processing units 
(CPU) designed for use as general-purpose 
computing or control elements in a wide 
range of stored-program systems or products. 
The CDP18G1 and CDP1 801 C each comprise 
two units; the control unit designated CDP- 
1801 U, CDP1801CU and the register unit 
designated CDP1801R, CDP1801 CR. 

The CDP1801 is functionally identical to the 
CDP1801C. The CDP1801 has an operating 
voltage range of 3 to 1 2 volts; the CDP1 801 C, 
an operating voltage range of 4 to 6 volts. 

These microprocessors include all of the cir- 
cuits required for fetching, interpreting, and 
executing instructions which have been stored 
in standard types of memories. Extensive 
input/output (I/O) control features are also 
provided to facilitate system design. 


The COSMAC architecture was designed with 
emphasis on the total microcomputer system 
as an integral entity so that systems having 
maximum flexibility and minimum cost can 
be realized. The COSMAC CPU also provides 
a synchronous interface to memories and ex- 
ternal controllers for I/O devices and mini- 
mizes the cost of interface controllers. Fur- 
thermore, the I/O interface is capable of sup- 
porting devices operating in polled, interrupt- 
driven, or direct-memory-access modes. 

The CDP1801U and CDP1801 CU control 
units are supplied in a 40-lead hermetic ce- 
ramic dual-in-line package (D suffix) and in 
chip form (H suffix). The CDP1801R and 
CDP1801CR register units are supplied in a 
28-lead hermetic ceramic dual-in-line package 
(D suffix) and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values 
Storage-Temperature Range (T Jtg ) 

-66 to +150°C 

Operating-Temperature Range (T A ) 

—55 to +125°C 

DC Supply-Voltage Range (Vqq, Vqq) 

(All voltage values referenced to Vgg terminal) 

V CC ^ V DD ; 

CDP1801 -0.5 to +15 V 

CDP1801C - 0.5 to +7 V 

Power Dissipation Per Package (Pq): 

For T A = —55 to +100°C 

500 mW 

For T a = +100 to +125°C 

Derate Linearly to 200 mW 

Device Dissipation Per Output Transistor: 

For T a = — 55°C to +125°C 100 mW 

Input Voltage Range. All Inputs 

-0.5 to V DD +0.5 V 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max +265°C 


OPERATING CONDITIONS AT T A = 25°C Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges. 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 

O > 
> “ 

V DD 

(V) 

CDP1801 

CDP1801C 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range 
(At T a = Full Package- 
Temperature Range) 

- 

- 

3 

12 

4 

6 

V 

Recommended Input Voltage 

- 

- 

V SS 

< 

o 

o 

v ss 

< 

o 

o 

V 

Clock Input Rise 
or Fall Time, t r ,tf 

3- 15 

3 - 15 

- 

15 

- 

15 

MS 

Instruction Time 
(See Fig. 4) 

5 

5 

16 

_ 

16 

_ 

PS 

5 10 

10 

6 

- 

- 

- 

Clock Input Frequency, f ql 

5 

5 

DC 

1 

DC 

1 

MHz 

5 • 10 

10 

DC 

3 

- 

- 

Clock Pulse Width, tyy|_| 

5 

5 

500 

- 

500 

- 

ns 

5 - 10 

10 

160 

- 

- 

- 

Clear Pulse Width 

5 

5 

500 

- 

500 

- 

ns 

5 - 10 

10 

160 

- 

- 

- 

Data Hold Time. tQH 

5 

5 

0 

- 

0 

- 

ns 

5 - 10 

10 

0 

- 

- 

- 


Notes: 

1. V cc < V DD . For CD1801C V QD = V cc = 5 volts 

2. Because a large number of nodes may be switching simultaneously, a 0.1 m F by pass capacitor is 
recommended in the power supply 

3. In order to maintain propter circuit operation, the CDP1801 intra-unit wiring capacitance should 
be less than 25 pF. 
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Features: 

■ Static COS/MOS circuitry, no minimum clock frequency 

■ Full military temperature range 

■ High noise immunity, wide operating voltage range 

■ TTL compatibility 

■ 8-bit parallel organization with bidirectional data bus 

■ Built-in program-load facility 

■ Any combination of standard RAM/ROM 
via common interface 

■ Memory addressing up to 65,536 bytes 

■ Flexible programmed I/O mode 

■ Program interrupt mode 

■ On-chip DMA facility 

■ Four I/O flag inputs directly testable by 
Branch instructions 

■ One-byte instruction format with two machine 
cycles for each instruction 

■ 57 easy-to-use instructions 

■ 16x16 matrix of registers for use as multiple 
program counters, data pointers, or data registers 


► V- 'WH 



TPA 


'PAHL^ - *PA L H 

V 


f PBHL 
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TPB 



DATA TO COSMAC 
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VCV . r O>b 

Notn 1 Thu timing diagram it uwd to ihow signal r*U(<on»hipi only 
•nd doei not ripttwni any t pacific machin* cyclt 
2 All m*»ur«menti are referenced 10 50% notnt of th« 
wiMlofim 


Fig. 2— Timing waveforms. 








MICROPROCESSOR INTEGRATED CIRCUITS 


CDP1801D, CDP1801CD 


'timing Intervals HlelT 101 1 |2|3|4|»H I7IQI I |g|3l<|f>k|r |o |i |g|3|4|s|s|7|o| I |z|3| 


STATE 

OMA -IN/DMA- OUT* 
DMA-IN ONLY-T BUS 


;/7/77yy7////?///y//777\ V//////A 


| INPUT BYTE 




| OFF 


JT rBt 


^ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZA BYTE Y//////77, 


™f N ™NTERVALS IM6|7|0|ll2|3l4|B|6|7|o|l|2|3|4|5|6|T|o|l|2|3|4l5|6|7|Olll2l3j 


INTERRUPT TIMING: 

TPA 

TPB 

STATE 

INTERRUPT* 

INTERRUPT ENABLE* 
FLAG INPUT TIMING: 

STATE 


GENERAL TIMING 



7////////A 'Y77y/////////777y//////////777/Z 
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TIM^NGWTERVALS I s (e |7 }0 1 I 1 2 | 3 1 4 [ S ) 6 [ 7 f 0 1 I [ 2 1 3 | 4 | 5 1 6 [ 7 1 0 | I I 2 I 3 | 4 | S |6 | 7 |0 | I Ul 3 
MACHINE CYCLE " 


1 CYCLE n | CYCLE n-H | CYCLE n +2 ] 


TIMING PULSES. 


MEMORY TIMING 
AODRESS(MAOTOM5 

M READ 
MWR (NOTE 2) 
MEMORY OUTPUT 


1 

FETCH INSTRUCTION i I 

I EXEC, INSTR. i | FETCH INSTR. l+l |EXEC. INSTR.H 


-■ — CYCLE = 8T »-| 

U INSTRUCTION TIME (t^ * 2 CYCLES -» 

j 


i 


|0||| 2 |3|4|5|6|7|0|.|2|3|4|5|6|7|0|||2|3|4|5|6|7| 

1 — ! — L— T H — 1 — I— rj 1 1 1 f 


5T I I • 

-*l U-0.5T 







\aliC Byte ^NOTE 3 
(-ALLOWABLE MEMORY ACCESS 



M T DETERMINED BY VQO--NO MAXIMUM T 
2. MEMORY WRITE PULSE WIDTH (MWR) «l 5 T 

3 MEMORY OUTPUT "OFF" INDICATES HIGH -IMPEDANCE CONDITION 

4 SHADING INDICATES "DON'T CARE" OR INTERNAL DELAYS DEPENDING ON 

V 00 AND THE CLOCK SPEEO. 

Fig. 3—CDP1801 and CDP1801C Microprocessor timing diagram. 



INSTRUCTION TIME- m * 

4 2 1.33 I 08 067 

CLOCK INPUT FREQUENCY <f CL )-MHz 


92CS-270I7 

Fig. 4— Typical instruction time vs. memory 
system access time. 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

CONDITIONS 

CDP1801U, 

CDP1801R 

CDP1801CU, 

CDP1801CR 


V 0 

(V) 

V C C= 

V DD 

(V) 

LIMITS 

LIMITS 

UNITS 

Min. | Typ. (Max. 

Min. [ Typ. | Max 


1 Static 1 

Quiescent Device Current, l|_ 

(See Figs. 11. 12) 

_ 

5 

_ 

0.01 

0.1 

_ 

0.01 

0.5 

mA 

- 

10 

__ 

0.01 

0.5 

- 

- 

- 

- 

15 

- 

0.05 

1.0 

- 

- 

- 

Output Voltage: 

Low-Level, Vq^ 


5 

_ 

0 

0.05 


0 

0.05 

V 

- 

10 

_ 

0 

0.05 

- 

- 

_ 

High-Level, Vqj_| 

- 

5 

4.95 

5 

- 

4.95 

5 

- 

V 

- 

10 

9.95 

10 

- 

- 

- 

- 

Noise Immunity: 

Inputs Low, V|^|_ 

0.5 

5 

1.5 

2.25 

_ 

1.5 

2.25 

_ 

V 

-1 

10 

3.0 

3.45 

- 

- 

- 

- 

Inputs High, V^^ 

4.5 

5 

1.5 

2.25 

- 

1.5 

2.25 

- 

V 

9 

10 

3.0 

3.45 

- 

- 

- 

- 

Noise Margin: 

Inputs Low, Vnml 

1 

5 

1 

_ 

_ 

1 

_ 

_ 

V 

1 

10 

1 

- 

- 

- 

- 

_ 

Inputs High, V NMH 

4 

5 

1 

- 

- 

1 

- 

- 

V 

9 

10 

1 

- 

- 

- 

- 

- 

Output Drive Current*: 

N-Channel (Sink), IpN 
(See Figs. 7, 8) 

0.4 

5 

1.6 

3.2 

_ 

1.6 

3.2 


mA 

0.5 

10 

3.6 

7.2 

- 

- 

- 

- 

P-Channel (Source), IpP 
(See Figs. 5, 6) 

2.5 

5 

-0.8 

-1.6 

- 

-0.8 

-1.6 

- 

mA 

4.6 

5 

-0.2 

-0.4 

- 

-0.2 

-0.4 


9.5 

10 

-0.45 

-0.9 

- 

- 

- 

- 

Input Leakage Current 
(Any Input), Ijl, I|h 
(S ee Figs. 13, 14) 

- 

5 

- 

- 

- 

- 

±10 -5 

±1 

ptA 

- 

15 

- 

±10~ 5 

±1 

- 

- 

- 

Dynamic at T A = 25°C, Input t r ,tf = 20 ns, Cl = 50pF | 

Propagation Delay Times: 

(See Fig. 2) 

Clock to TPA , pAHL 


5 


685 



685 


ns 

- 

10 

- 

240 

- 

- 

- 

- 

t palh 

- 

5 

- 

720 

- 

- 

720 

_ 

ns 

- 

10 

- 

250 

- 

- 

- 

- 

Clock to TPB 

l PBHL 

- 

5 

- 

430 

- 

- 

430 

- 

ns 

- 

10 

- 

190 

- 

- 

- 

- 

l PBLH 

- 

5 

- 

650 

- 

- 

650 

- 

ns 

- 

10 

- 

230 

- 

- 

- 

- 

Clock to-Memory Address 

MA8 to MAI 5 

t PMIHL 


5 

_ 

900 

_ 

_ 

900 

_ 

ns 

- 

10 

- 

340 

- 

- 

- 

- 

MAO to MA7 

tpMOLH 

- 

5 

- 

870 

- 

- 

870 

- 

ns 

i 

- 

10 

- 

300 

- 

- 

- 

- 

| Dynamic at T A = 25°C, Input t r ,tf = 20 ns, C L = 50 pF | 

Data Setup Time: 

(See Fig. 2) 

t SULH 

t SUHL 


5 


750 

_ 

_ 

750 

_ 

ns 

- 

10 

- 

450 

- 

- 

- 

- 

Clock-to-Memory Write Time 
(See Fig. 2) 

tPMWHL 

t PMWLH 


5 

_ 

780 

_ 

_ 

780 


ns 

- 

10 

- 

270 

- 

- 

- 

- 

Device Dissipation 
(Total, Both Units), Pp 

OPCODE | f CL ~ 10 MHz 


5 


3 



3 


mW 

= 00 | f CL = 3.0 MHz 

- 

10 

- 

32 

- 

- 

- 

- 

Transition Time*: 

(See Figs. 9, 10) 

l TLH 


5 

_ 

170 

_ 

_ 

170 

_ 

ns 

- 

10 

- 

100 

- 

- 

- 

- 

l JHL 

- 

5 

- 

30 

- 

- 

30 

- 

ns 

_ 

10 

- 

20 

- 

- 

- 

- 

Input Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 


pF 


* Values are for signal lines going to external connections. 

DRAIN- TO -SOURCE VOLTAGE (V DS )-V 



Fig. 5— Typical output-P-channel drain characteristics. 
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DRAIN -TO -SOURCE VOLTAGE (V DS )-V 



Fig. 6— Minimum output-P-channel drain 
characteristics. 



92CS-27020 

Fig. 7-Typical output-N-channel drain 
characteristics. 



92CS-2702I 


Fig. 8— Minimum output-N-channel drain 
characteristics. 



Fig. 9— Typical high -to -low level 
transition time vs. load 
capacitance. 



Fig. 10— Typical low-to-high level 
transition time vs. load 
capacitance. 


DD 


Vss 


TEST CIRCUITS 



2 27 


3 26 

4 25 

5 24 

6 23 

7 22 

8 21 

9 20 

10 19 

11 18 

12 17 

13 16 

14 15 


V S S 


92CS-27025 


Fig. 12—CDP1801R , CDP1801 CR quiescent 
device current. 


Fig. 1 1 -CDP180 1 U, CDP180 1 CU quiescent 
device current. 


V DD 



V DD 




2 27 

3 26 


4 4 25 ► 

4 5 24 ► 

6 23 ► 

7 22 ► 

8 21 ► 

9 20 ► 

10 19 ► 

|| 18 ► 

12 17 -*> 

13 16 ► 

J Ilf IfJ * 

V SS NOTES 

MEASURE INPUTS 
SEQUENTIALLY, TO BOTH 
V DD AND V ss , CONNECT 
ALL UNUSED INPUTS TO 
EITHER V D0 OR V ss 


WHEN MEASURING INPUT 
LEAKAGE ON PINS 2, 3, 4,5, 
24,25,26 6 27, PI N 23 MUST 
BE CONNECTED TOV DD 


92CS- 27027 


Fig. 13—CDP1801U, CDP1801 CU input 
leakage current. 


Fig. 14—CDP180 1 R, COP 180 1 CR input 
leakage current. 
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Instruction Set 


The COSMAC instruction summary is given 
in Table I. Hexadecimal notation is used to 
refer to the 4-bit binary codes. Many of the 
instructions have been discussed in the Archi- 
tecture section. Symbols used are: 

R(W): Register designated by W, where 
W = N, or X, or P 
R(W).0: Lower-order byte of R(W) 

R(W).1 : Higher-order byte of R(W) 


Operation Notation 

M(R(N)) ■* D;R(N) + 1 

This notation means: The memory byte 
pointed to by R(N) is loaded into D, and 
R(N) is incremented by 1. 

Slash (/) mark in Operations Column indicates 
else or otherwise. 


Register Operations 

j—Code (Note 1 ) 

-Assembler Mnemonic (Note 2) 
- Name 


Table I — Instruction Summary 


( 


-Operation 


1 

N 

» i 

1 

N 

INC 

INCREMENT 

R(N)+1 

B 

m 


DECREMENT 

R(N)— 1 

□ 

m 

03 

GET LO 

R(N).0*D 

□ 

m 

ram 

GET HI 

R(N).1+D 

□ 

m 

331 

PUT LO 

D*R(N).0 

□ 

m 

EE3 


D-R(N).1 


N=0,1,2, . . ,,9,A,B E,F (Hexadecimal Notation) 

Memory Reference 


1 

N 




4 

N 

LDA 

LOAD ADV 

M(R(N)hD;R(N) + 1 

5 

N 

STR 

STORE 

CKM(R(N)) 


ALU Operations 


1 

N 


F 

0 

LDX 

LOAD BY X 

M(R(X)bD 

F 

1 

OR 

OR 

M(R(X)) vD*D 

F 

2 

AND 

AND 

M(R(X)H>D 

F 

3 

XOR 

EXCL.OR 

M(R(X))® D+D 

F 

4 

ADD 

ADD 

M(R(X))+D^D;C>DF 

F 

5 

SD 

SUBTRACT D 

M(R(X))-D>D,ODF 

F 

6 

SHR 

SHIFT 

RIGHT 

SHIFT D RIGHT; 
LSB+DF : OMSB 

F 

7 

SM 

SUBTRACT M 

D-M(R(X))+D,T>DF 

F 

JL 

LDI 

LOAD IMM 

M(R(P)hD ; R(P)+1 

F 

9 

ORI 

OR IMM 

M(R(P))vD»D ; R(P)+1 

F 

A 

ANI 

AND IMM 

M(R(P))-D+P ; R(P)+1 

F 

B 

XRI 

EXCL.OR 

IMM 

M(R(P))® D+D; 

R(P)+1 

F 

C 

ADI 

ADD IMM 

M(R(P))+D+D ; 

C>DF;R(P)+1 

T 

D 

SDI 

SUBTD IMM 

M(R (P))— D*D; 
C*DF;R(P)+1 

T 

~F~ 

SMI 

SUBT M IMM 

D-M(R(P)hD? 

C+DF;R(P)+1 


Branching 


1 

N 


3 

0 

BR 

UNCOND.BR. 

M(R(P))+R(P).0 

1 

fl 

BZ 

BR. IF D=00 

M(R(P)hR(P).0 

IF D=00/R (P)+1 

i 

B 



M(R(P)hR(P).0 

IF DF = 1/R(P) + 1 

1 

fl 

fll 


M(R(P))-R(P).0 

IF EF1 = 1/R(P) + 1 

B 

fl 



M(R(P))-R(P).0 

IF EF2=1/R(P)+1 

B 

1 


BR. 1 F E F3=1 

M(R(P))-R(P).0 

IF EF3=1/R(P) + 1 

3 

7 

B4 

BR. 1 F EF4 = 1 

M(R(P)hR(P).0 

IF EF4 = 1/R(P) + 1 

J, 

8 

SKP 

SKIP 

R (P)+1 

3 

A 

BNZ 

BR.IF D^OO 

M(R(P)hR(P).0 

IF D^OO/R (P)+1 

T 

B 

BNF 

BR.IF DF=0 

M(R(P)hR(P).0 

IF DF=0/R(P)+1 

3 

C 

BN1 

BR.IF EF 1 =0 

M(R(P))-R(P).0 

IF EF1=0/R(P)+1 

‘3 

D 

BN2 

BR.IF EF2=0 

M(R(P))-R(P).0 

IF EF2=0/R(P)+1 

3 

E 

BN3 

BR.IF EF3=0 

M(R(P))-R(P).0 

IF EF3=0/R(P)+1 

3 

F 

BN4 

BR.IF EF4=0 

M(R(P))-R(P).0 

IF EF4=0/R (P)+ 1 


Control 


D 

□ 







IDLE 

WAIT FOR 
INTERRUPT/ 
DMA-IN/ 
DMA-OUT 

D 

N 

SEP 

SET P 

N+P 

m 

3 


SET X 

N+X 

H 

fl 

RET 

RETURN 

M(R(X))-hX. P; 
R(X)+1;ME 

B 

B 

DIS 

DISABLE 

M(R(X)HX, P; 
R(X)+1;(hIE 

D 

□ 

33 

SAVE 

T>M(R(X)) 


# These are the only operations that modify 
DF. DF is set or reset by an ALU carry 
during add or subtract. Subtraction is by 
2's complement: A— B = A+B+1. 

Note 1 : The use of non-specified machine codes is not recommended. 


Input-Output Byte Transfer 


1 

N 

(Note 3) 

6 

1 

OUT 1 

OUTPUT 1 

M(R(X)hBUS; 

R(X)+1;N=1 

6 

2 

OUT 2 

OUTPUT 2 

M(R(X)hBUS; 

R(X)+1;N=2 

6 

3 

OUT 3 

OUTPUT 3 

M(R(X))+BUS; 

R(X)+1;N=3 

6 

4 

OUT 4 

OUTPUT 4 

M(R(X)hBUS; 

R(X)+1;N=4 

6 

5 

OUT 5 

OUTPUT 5 

M(R(X))+BUS; 

R(X)+1;N=5 

6 

6 

OUT 6 

OUTPUT 6 

M(R(X))->BUS; 

R(X)+1;N=6 

6 

7 

OUT 7 

OUTPUT 7 

M(R(X))-»BUS; 

R(X)+1;N=7 

6 

9 

INP 1 

INPUT 1 

BUS>M(R(X)); 

N=9 

~6 

~A~ 

INP 2 

INPUT 2 

BUS^M(R (X)); 
N=A 

6 

B 

INP 3 

INPUT 3 

BUS^M(R(X)); 

N=B 

fl 

B 

INP 4 

INPUT 4 

BUS>M(R(X)); 

N=C 

B 


INP 5 

INPUT 5 

BUS>M(R(X)); 

N=D 

fl 

II 

INP 6 

INPUT 6 

BUS>M(R(X)); 

N=E 


fl 

INP 7 

INPUT 7 

BUS-M(R(X)); 

N=F 


Note 2: This type of abbreviated nomen- 
clature is used when programs are de- 
signed with the aid of the COSMAC 
Assembler Simulator/Debugger Sys- 
tem, which is available on com- 
mercial timesharing systems. Refer 
to "Program Development Guide for 
the COSMAC Microprocessor", MPM- 
102, for details. 

Note 3: When executing any of the 69 to 6F 
instructions, the contents of the D 
register may be altered. 


Test and Branch 

The Test and Branch instructions can branch 
unconditionally, test for D=0 or D=1, test 
for DF=0 or DF=1, or can test the status of 
the four I/O flags. A "successful" branch 
loads the byte following the instruction into 
the lower-order byte position of the current 
program counter, effecting a branch within 
the current 256-byte "page" of memory. If 
the test to branch is not successful, the next 
instruction in sequence is executed. 
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MICROPROCESSOR INTEGRATED CIRCUITS 


CDP1801D, CDP1801CD 



V CC 

I*'- 

^40 

— v D0 


"BUS 3 

2 

39 

BUS 4 

DATA 
BUS - 

8US2 

3 

38 

BUS~5 


BUS 1 

4 

37 

— BUS 6 


v BUSO 

5 

36 

BU5T7 


r NO 

6 

35 

— v ss 

I/O 

nT — 

7 

34 

EFI 

)MMANDS 



-* 

N2 

8 

33 

EF2 


N3 

9 

32 

EF3 


* 

10 

31 

EF4 


* 

II 

30 

DMA OUT 


X — 

12 

29 

INTERRUPT 


# 

13 

28 

DMA IN 


r * — 

14 

27 

CLEAR 

— *■ ^ 

[clock — 

15 

26 

LOAD 

TIMING 

r TPB — 

16 

25 

— wz 

PULSES - 




■* — 

L TPA 

17 

24 

— SCI 


* 

18 

23 

SCO 


MWR 

19 

22 

M READ 


v ss — 

20 

21 

X 


DATA 

y bus 


I/O 

FLAGS 


I/O 

-REQUEST 



TOP VIEW 

CDPI80IU .CDPI80ICU 92CS-264I7RI 


Package Interconnections 



v cc — 

I* v 

J ~Z% 

V DD ^ 



BUS 4 

2 

27 

BUS 3 

DATA 
- BUS 

DATA 
BUS H 

BUS 5 

3 

26 

BUS 2 


BUS 6 



BUS 1 







L.BUST 

5 

24 

BUSO^ 



r MAO — 

6 

23 

X 



MAI 

7 

22 

TPB ♦- 


MEMORY 

MA2 1 

8 

21 

X 


ADDRESS 1 

MA3 

9 

20 

X 


LINES 



19 




MA4 ) 

10 

X 



MA5 

II 

18 

* 



MA6 

12 

17 

X 



- MA7 

13 

16 

X 



vss — 

14 

15 

CLEAR- 

— 


CDPI80IR .CDPI80ICR 

92CS- 264I8RI 


Pin Terminals To: ***** * 


CDP1801U,CU 

1 

2 

3 

4 

5 

10 

11 

12 

13 

14 

16 

18 

21 

27 

36 

37 

38 

39 

40 

CDP1801 R,CR 

1 

27 

~ 26 ~ 

25 

24 

17 

~vT 

19 

20 

23 

22 

21 

16 

15 

5 

4 

3 

2 

28 


***** * * 

* These pins are for interchip connections only. 

Notes: 

1. Any unused input pins should be connected to Vdd or VCC* 

2. The DATA BUS lines are bi-directional and have three-state outputs. 
They may be individually connected to Vqc through external pull-up 
resistors (22 K^2 recommended) to prevent floating inputs. 

3. All inputs have the same noise immunity and level -shif ing capability. 
All outputs have the same drive capability whether they have three- 
state outputs or not. 

4. For the CDP1801C, V<x must be connected to Vqd- 


Fig. 17— Terminal assignment diagrams. 
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COSMAC Microprocessor 


The RCA-CDP1802 is an LSI COS/MOS 
8-bit register-oriented central-processing unit 
(CPU) designed for use as a general-purpose 
computing or control element in a wide 
range of stored-program systems or products. 

It has the same basic COSMAC architecture 
as the CDP1801 microprocessor (see Fig. 5), 
but has an expanded instruction set, including 
a more powerful set of branch and ALU 
instructions, and enhanced hardware and 


performance features. The CDP1802 incor- 
porates both the register and control chips 
of the CDP1801 on a single chip in a 40-lead 
hermetic dual-in-line ceramic package. 

The CDP1802D is functionally identical to 
the CDP1802CD. The CDP1802D has a 
recommended operating voltage range of 
3-12 volts; the CDP1802CD, a recommended 
operating voltage range of 4-6 volts. 


Features: 

■ Static silicon-gate CMOS circuitry— 

CD4000 series compatible 

■ Instruction fetch-execute time of 2.5/3.75 /is 
at V DD = 10 V 

■ Compatible with CDP1801 software 

■ Full military-temperature range (—55 to +125°C) 

■ High noise immunity, wide operating-voltage range 

■ Single voltage supply 

■ No minimum clock frequency 

■ Low power 

■ TTL compatible 

■ Single-phase clock; optional on-chip 
crystal-controlled oscillator 

■ Simple control of reset, start, and pause 

■ 8-bit parallel organization with bidirectional data bus 

■ Any combination of standard RAM and ROM 


Memory addressing up to 65,536 bytes 
Flexible programmed I/O mode 
Program interrupt mode 
On-chip DMA 

Four I/O flag inputs directly tested by 
branch instructions 
Programmable output port 
91 easy-to-use instructions 
16x16 matrix of registers for use as 
multiple program counters, data 
pointers, or data registers 


SIGNAL NAME 


CONTROL 


{! 


STATE 

CODES 


X/O 

COMMANDS 


CLOCK 

WAIT 

CLEAR 

Q 

SCI 
SCO 
MRD 
BUS 7 
BUS 6 
BUS 5 
BUS 4 
BUS 3 
BUS 2 
BUS I 
BUS 0 

ycc 

N 2 
N I 
NO 
V S$ 


SIGNAL NAME 

' V DD 
• XTAL 


DMA OUT h 


- INTERRUPT 

- MWR 

- TPA 'I 

- TPB J 

- MA7 " 

MA6 

- MA5 

- MA4 

- MA3 

- MA2 

- MAI 

- MAO 
■ EFT 

- EF2 

- EFl 

- EF4 


I/O 

REQUESTS 


TIMING 

PULSES 


MEMORY 

ADDRESS 


I/O 

flags 


9 2 C S - 27467 


Terminal Assignment for CDP1802 


MAXIMUM RATINGS, 

Absolute-Maximum Values 

Storage-Temperature Range (T st g) 

- -65 to +150°C 

Operating-Temperature Range (T A ) 
—55 to +125°C 


OPERATING CONDITIONS at T A = 25°C Unless Otherwise Specified 

For maximum reliability , nominal operating conditions.should be 
selected so that operation is always within the following ranges. 


CHARACTERISTIC 

CONDITIONS 

TYPICAL VALUES 

UNITS 

Vcc 1 

(V) 

o> 
> ~ 

CDP1802D 

CDP1802CD 

Supply-Voltage Range 
(At T A = Full Package- 
Temperature Range) 

- 

- 

3 to 12 

4 to 6 

V 

Recommended Input Voltage Range 

- 

- 

v ss t0 v cc 

V SS t0 V CC 

V 

Clock Input Rise or Fall Time, 
t r or t f 

3-15 

3-15 

5 

5 

/IS 

Instruction Time^ 

(See Fig. 1) 

5 

5 

5 

5 

Ms 

5 

10 

3.2 

— 

10 

10 

2.5 

- 

DMA Transfer Rate 

5 

5 

400 

400 

KBytes/sec 

5 

10 

625 

- 

10 

10 

800 

- 

Clock Input Frequency, f 

5 

5 

DC -3.2 

DC - 3.2 

MHz 

5 

10 

DC -5.0 

- 

10 

10 

DC - 6.4 

— 

Clock Pulse Width, tyyi_, tyjtf 

5 

5 

160 

160 

ns 

5 

10 

100 

- 

10 

10 

80 

- 

Clear Pulse Width 

5 

5 

300 

300 

ns 

5 

10 

200 

- 

10 

10 

150 

- 


Notes: 

1. V cc < V DD ; for COP1802CD V DD = V cc = 5 volts. 

2. Equals 2 machine cycles— one Fetch and one Execute operation for all instructions except Long Branch 
and Long Skip, which require 3 machine cycles— one Fetch and two Execute operations. 


DC Supply-Voltage Range (Vqq, Vpp) 

(All voltage values referenced to Vcc terminal) 
V C C<V DD : 

CDP1802D -0.5 to +15 V 

CDP1802CD -0.5 to +7 V 

Power Dissipation Per Package (Pq): 

For T a = -55 to +100°C 

500 mW 

For T a = +100 to +125°C 

Derate Linearly to 200 mW 

Device Dissipation Per Output Transistor: 

For T a = — 55°C to +125°C 100 mW 

Input Voltage Range, All Inputs 

-0.5 to V DD +0.5 V 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max +265°C 



5 6 

INSTRUCTION TIME-/** 


CLOCK INPUT FREQUENCY (f CL ) — MHi 


9?CS- 2 7438 


Fig. 7 — Typical instruction time vs. memory 
system access time. 
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Fig. 2— Typical CDP1 802 microprocessor system. 


GENERAL TIMING (*— j-IT 

clock nojijTiruninsneninsm^ 


TPA 

TPB 


-~l IT \~ 

r— ! r 

-n 

-*{ IT h- 

: i CYCLE n 

\ CYCLE n+l 

i 


MEMORY TIMING 

-*| j^-0. 5T 


MA V/A 

| LOW ADDRESS BYTE 

V/A | LOWER ADDRESS BYTE 


t-HIGH ADDRESS BYTE 

L HIGHER ADDRESS BYTE 

MflF5 _J 

K 2t — 1 

1 1 L 

MWR 

l r 

1 MEMORY SYSTEM^ 



f* ACCESS TIME 1 7 

CPU OATA INPUT 





CPU OUTPUT | OFF 

| DATA TO MEMORY 

|4- OFF ► 


I/O TIMING 
NO-N 2 


(SI) OR (I»6 )OR IN ■ O OR 8> | (SI)(I»6)(N«I -7,9 - F) |_ 

h N BITS VALID A 



T SET/ RESET ( DURING SI) 


I/O REQUEST TIMING 
DMA- IN 

wmr 

FLAGS 


7ZZZZZZZZZZA 


yzzzzzzzzzzzzl 


- ,_ZZZZZZL 


ISA MPLED (DURING SI,S2,S3) 

IZZZZZZZ- 


X 


nz 


L SAMPLED (DURING SI) 

CLOCK 


NOTES: 

1 USER GENERATED SIGNALS 

2 SHADING INDICATES " DONT CARE “ OR INTERNAL DELAY 
3 "OFF* INDICATES HIGH-IMPEDANCE STATE 


92CM-27440 

Fig. 3~ Timing diagram. 


92CS-27437 


Fig. 4~ Typical total power dissipation vs. 
clock input frequency. 


ELECTRICAL CHARACTERISTICS at T A - 25°C 


CHARACTERISTIC 

CONDITIONS 

CDP1802D 

TYPICAL 

VALUES 

CDP1802CD 

TYPICAL 

VALUES 

UNITS 

v 0 

(V) 

V CC,i 

V DD 

(V) 

Quiescent Device Current, l|_ 

— 

5,5 

100 

500 

juA 

_ 

10, 10 

500 

- 

— 

15, 15 

1000 

- 

Total Power Dissipation: 
OP CODE ”00” 

(See Fig. 4) 

f = 

MHz 

3.2 

- 

5,5 

6 

8 

mW 

5.0 

- 

5, 10 

30 

- 

6.4 

- 

10, 10 

40 

- 

Output Voltage: 

Low-Level, Vq|_ 


5,5 

0.01 

0.01 

V 

— 

10, 10 

0.01 

— 

High-Level, Vqh 

— 

5,5 

5 

5 

— 

10, 10 

10 

- 

Noise Immunity: 

Inputs Low, V|vj|_ 

0.5 

5,5 

2.25 

2.25 

V 

-1 

10, 10 

3.45 

- 

Inputs High, 

4.5 

5, 5 

2.25 

2.25 

9 

10, 10 

3.45 

- 

Output Drive Current: 

N-Channel (Sink), IqN 

0.4 

5,5 

1.5 

1.5 

mA 

0.5 

10, 10 

3.0 

- 

P-Channel (Source), IqP 

2.5 

5,5 

-1.6 

-1.6 

4.6 

5,5 

-0.4 

-0.4 

9.5 

10, 10 

-0.9 

- 

Input Leakage Current 
(Any Input), lj L , lj H 

- 

5,5 

±1 

±1 

/iA 

- 

15, 15 

±1 

— 


ARCHITECTURE 

The COSMAC block diagram is shown in 
Fig. 5. The principal feature of this system is 
a register array (R) consisting of sixteen 16- 
bit scratchpad registers. Individual registers 
in the array (R) are designated (selected) by a 
4-bit binary code from one of the 4-bit 
registers labeled N, P, and X. The contents of 
any register can be directed to any one of the 
following three paths: 

1. the external memory (multiplexed, 
higher-order byte first, on to 8 memory 
address lines); 

2. the D register (either of the two bytes 
can be gated to D); 

3. the increment/decrement circuit where 
it is increased or decreased by one and 
stored back in the selected 16-bit 
register. 

The three paths, depending on the nature of 
the instruction, may operate independently 
or in various combinations in the same 
machine cycle. 

With two exceptions, COSMAC instructions 
consist of two 8-clock-pulse machine cycles. 
The first cycle is the fetch cycle, and the 
second— and third, if necessary— are execute 
cycles. During the fetch cycle the four bits 
in the P designator select one of the 16 regis- 
ters R(P) as the current program counter. The 
selected register R(P) contains the address of 
the memory location from which the instruc- 
tion is to be fetched. When the instruction is 
read out from the memory, the higher-order 
4 bits of the instruction byte are loaded into 
the I register and the lower-order 4 bits into 
the N register. The content of the program 
counter is automatically incremented by one 
so that R(P) is now "pointing” to the next 
byte in the memory. 
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CONTROL I/O FLAGS I/O REQUESTS COOES 



The X designator selects one of the 16 regis- 
ters R(X) to "point" to the memory for an 
operand (or data) in certain ALU or I/O 
operations. 

The N designator can perform the following 
five functions depending on the type of 
instruction fetched: 

1. designate one of the 16 registers in R 
to be acted upon during register opera- 
tions; 

2. indicate to the I/O devices a command 
code or device-selection code for peri- 
pherals; 

3. indicate the specific operation to be 
executed during the ALU instructions, 
types of tests to be performed during 
the Branch instructions, or the specific 
operation required in a class of mis- 
cellaneous instructions (70-73 and 78- 
7B); 

4. indicate the value to be loaded into P 
to designate a new register to be used 
as the program counter R(P); 

5. indicate the value to be loaded into X 
to designate a new register to be used 
as data pointer R(X). 

The registers in R can be assigned by a pro- 
grammer in three different ways: as program 
counters, as data pointers, or as scratchpad 
locations (data registers) to hold two bytes 
of data. 

Program Counters 

Any register can be the main program 
counter; the address of the selected register 
is held in the P designator. Other registers in 
R can be used as subroutine program counters. 


By a single instruction the contents of the P 
register can be changed to effect a "call" to a 
subroutine. When interrupts are being ser- 
viced, register R(1) is used as the program 
counter for the interrupt servicing routine. At 
all other times the register designated as pro- 
gram counter is at the discretion of the user. 

Data Pointers 

The registers in R may be used as data 
pointers to indicate a location in memory. 
The register designated by X (i.e., R(X)) 
points to memory for the following instruc- 
tions (see Table I): 

1. ALU operations F0-F5, F7, 74, 75, 77; 

2. output instructions 61 through 67; 

3. input instructions 69 through 6F; 

4. certain miscellaneous instructions— 70- 
73, 78. 

The register designated by N (i.e., R (N ) ) 
points to memory for the "load D from 
memory" instructions ON and 4N and the 
"Store D" instruction 5N. The register 
designated by P (i.e., the program counter) is 
used as the data pointer for ALU instructions 
F8-FD, FF, 7C, 7D, 7F. During these instruc- 
tion executions the operation is referred to 
as "data immediate". 

Another important use of R as a data pointer 
supports the built-in Direct-Memory-Access 
(DMA) function. When a DMA-ln or DMA- 
Out request is received, one machine cycle is 
"stolen". This operation occurs at the end of 
the execute machine cycle in the current 
instruction. Register R(0) is always used as 
the data pointer during the DMA operation. 
The data is read from (DMA-Out) or written 
into (DMA-ln) the memory location pointed 


to by the R (0) register. At the end of the trans- 
fer, R(0) is incremented by one so that the 
processor is ready to act upon the next DMA 
byte transfer request. This feature in the 
COSMAC architecture saves a substantial 
amount of logic when fast exchanges of 
blocks of data are required, such as with 
magnetic discs or during CRT-display-refresh 
cycles. 

A program load facility, using the DMA-ln 
channel, is provided to enable users to load 
programs into the memory. This facility pro- 
vides a simple, one-step means for initially 
entering programs into the microprocessor 
system and eliminates the requirement for 
specialized "bootstrap" ROM's. 

Data Registers 

When registers in R are used to store bytes of 
data, four instructions are provided which 
allow D to receive from or write into either 
the higher-order- or lower-order-byte portions 
of the register designated by N. By this 
mechanism (together with loading by data 
immediate) program pointer and data pointer 
designations are initialized. Also, this tech- 
nique allows scratchpad registers in R to be 
used to hold general data. By employing 
increment or decrement instructions, such 
registers may be used as loop counters. 

The Q Flip Flop 

An internal flip flop, Q, can be set or reset by 
instruction and can be sensed by conditional 
branch instructions. The output of Q is also 
available as a microprocessor output. 

Interrupt Servicing 

Register R ( 1 ) is always used as the program 
counter whenever interrupt servicing is ini- 
tiated. When an interrupt request comes in 
and the interrupt is allowed by the program 
(again, nothing takes place until the comple- 
tion of the current instruction) the contents 
of the X and P registers are stored in the 
temporary register T, and X and P are set to 
new values; hex digit 2 in X and hex digit 1 
in P. Interrupt enable is automatically de- 
activated to inhibit further interruptions. The 
interrupt routine is now in control; the 
contents of T are saved by means of a single 
instruction (78) in the memory location 
pointed to by R(X). At the conclusion of the 
interrupt, the routine restores the pre-inter- 
rupted values of X and P with a single in- 
struction (70 or 71). The interrupt-enable 
flip-flop can be activated to permit further 
interrupts or can be disabled to prevent them. 
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Preliminary CDP1802D, CDP1802CD 

TABLE I - INSTRUCTION SUMMARY 

(For Notes, see below) 


INSTRUCTION 

MEMORY REFERENCE 

MNEMONIC 

OP 

CODE 

OPERATION 

LOAD VIA N 

LDN 

ON 

M(R(N))-D; FOR N NOT 0 

LOAD ADVANCE 

LDA 

4N 

M(R(N))-D; R(N) +1 

LOAD VIA X 

LDX 

FO 

M(R(X))-D 

LOAD VIA X AND ADVANCE 

LDXA 

72 

M(R(X))-D; R(X) +1 

LOAD IMMEDIATE 

LDI 

F8 

M(R(P))-D; R(P) +1 

STORE VIA N 

STR 

5N 

D-M(R(N)) 

STORE VIA X AND 

STXD 

73 

D*M(R(X)); R(X) -1 

DECREMENT 




| REGISTER OPERATIONS | 

INCREMENT REG N 

INC 

IN 

R(N) +1 

DECREMENT REG N 

DEC 

2N 

R(N) -1 

INCREMENT REG X 

IRX 

60 

R(X) +1 

GET LOW REG N 

GLO 

8N 

R(N).0*D 

PUT LOW REG N 

PLO 

AN 

D*R (N).O 

GET HIGH REG N 

GHI 

9N 

R(N).1-D 

PUT HIGH REG N 

PHI 

BN 

D-R(N).1 

1 LOGIC OPERATIONS 44 1 

OR 

OR 

FI 

M ( R (X ) ) OR OD 

OR IMMEDIATE 

OR 1 

F9 

M ( R (P) ) OR D-D; R(P) +1 

EXCLUSIVE OR 

XOR 

F3 

M(R (X)) XOR OD 

EXCLUSIVE OR IMMEDIATE 

XRI 

FB 

M(R (P)) XOR D-D; R(P) +1 

AND 

AND 

F2 

M(R(X)) AND D*D 

AND IMMEDIATE 

ANI 

FA 

M ( R (P) ) AND D-D; R(P) +1 

SHIFT RIGHT 

SHR 

F6 

SHIFT D RIGHT, LSB(D)-DF, 




0>MSB(D) 

SHIFT RIGHT WITH 

SHRC I 

76 4 

SHIFT D RIGHT, LSB(D)-DF, 

CARRY 



DF-MSB(D) 

RING SHIFT RIGHT 

RSHR ) 



SHIFT LEFT 

SHL 

FE 

SHIFT D LEFT, MSB(D)-DF, 




O-LSB(D) 

SHIFT LEFT WITH 

SHLC / 

7E 4 

SHIFT D LEFT, MSB(D)-DF, 

CARRY 



DF-LSB(D) 

RING SHIFT LEFT 

RSHL ) 



[ARITHMETIC OPERATIONS 44 1 

ADD 

ADD 

F4 

M(R(X)) +D-DF, D 

ADD IMMEDIATE 

ADI 

FC 

M(R(P)) +Q>DF, D; R(P) +1 

ADD WITH CARRY 

ADC 

74 

M(R(X)) +D +DF-DF, D 

ADD WITH CARRY, 

ADCI 

7C 

M(R(P)) +D +DF-DF, D 

IMMEDIATE 



R(P) +1 

SUBTRACT D 

SD 

F5 

M(R(X))-D*DF, D 

SUBTRACT D IMMEDIATE 

SDI 

FD 

M(R(P))-D-DF, D; R(P) +1 

SUBTRACT D WITH 

SDB 

75 

M(R(X))— D— (NOT DF)-DF, D 

BORROW 




SUBTRACT D WITH 

SDBI 

7D 

M(R(P))— D— (NOT DF)-DF, D; 

BORROW, IMMEDIATE 



R(P) +1 

SUBTRACT MEMORY 

SM 

F7 

D— M(R(X))-DF, D 

SUBTRACT MEMORY 

SMI 

FF 

D M(R(P))-DF, D; 

IMMEDIATE 



R (P) +1 

SUBTRACT MEMORY WITH 

SMB 

77 

D— M(R(X))— (NOT DFJ-DF, D 

BORROW 




SUBTRACT MEMORY WITH 

SMBI 

7F 

D— M(R(P))— (NOT DF)-DF, D 

BORROW, IMMEDIATE 



R(P) +1 

| BRANCH INSTRUCTIONS-SHORT BRANCH j 

SHORT BRANCH 

BR 

30 

M(R(P))-R(P).0 

NO SHORT BRANCH 

NBR 

38 4 

R(P) +1 

(SEE SKP) 




SHORT BRANCH IF D=0 

BZ 

32 

IF D=0, M(R(P))-R (P).O 




ELSE R(P) +1 

SHORT BRANCH IF 

BNZ 

3A 

IF D NOT 0, M(R(P))-R(P).0 

D NOT 0 



ELSE R(P) +1 

SHORT BRANCH IF DF=1 

BDF ) 

33 4 

IF DF=1, M(R(P))-R(P).0 

SHORT BRANCH IF POS 

BPZ ( 


ELSE R(P) +1 

OR ZERO 

( 



SHORT BRANCH IF EQUAL 

BGE \ 



OR GREATER 

/ 



SHORT BRANCH IF DF=0 

BNF / 

3B 4 

IF DF=0. M(R(P))-R(P).0 

SHORT BRANCH IF MINUS 

BM > 


ELSE R(P) +1 

SHORT BRANCH IF LESS 

BL ) 



SHORT BRANCH IF 0=1 

BQ 

31 

IF Q=1, M(R(P))-R(P).0 




ELSE R(P) +1 

SHORT BRANCH IF Q=0 

BNQ 

39 

IF Q=0, M(R(P))-R(P).0 




ELSE R(P) +1 

SHORT BRANCH IF EF1 = 1 

B1 

34 

IF EF1 = 1, M(R(P))-R(P).0 




ELSE R(P) +1 

SHORT BRANCH IF EF1=0 

BN1 

3C 

IF EF1=0, M(R(P))-R(P).0 




ELSE R(P) +1 

SHORT BRANCH IF EF2=1 

B2 

35 

IF EF2=1, M(R(P))-R (P).O 




ELSE R(P) +1 

SHORT BRANCH IF EF2=0 

BN2 

3D 

IF EF2=0, M(R(P))-R(P).0 




ELSE R(P) +1 

SHORT BRANCH IF EF3=1 

B3 

36 

IF EF3=1, M(R(P))-R(P).0 




ELSE R(P) +1 

SHORT BRANCH IF EF3=0 

BN3 

3E 

IF EF3=0, M(R(P))-R(P).0 




ELSE R(P) +1 

SHORT BRANCH IF EF4=1 

B4 

37 

IF EF4=1, M(R(P))-R(P).0 




ELSE R(P) +1 

SHORT BRANCH IF EF4=0 

BN4 

3F 

IF EF4=0, M(R(P))-R (P).O 




ELSE R(P) +1 


I 


INSTRUCTION SUMMARY (CONT'D) 


INSTRUCTION 

MNEMONIC 

OP 

CODE 

OPERATION 

I BRANCH INSTRUCTIONS— LONG BRANCH 



LONG BRANCH 

LBR 

CO 

M(R(P))-R(P).1 

M(R(P) +1 )-R(P).0 

NO LONG BRANCH 

NLBR 

C8 4 

R (P) +2 

(SEE LSKP) 




LONG BRANCH IF D=0 

LBZ 

C2 

IF D=0, M(R(P))-R(P).1 

M(R(P) +1)-R(P).0 

ELSE R(P) +2 

LONG BRANCH IF D NOT 0 

LBNZ 

CA 

IF D NOT 0, M(R(P))-R(P}.1 

M(R(P) +1 )-R(P).0 
ELSE R(P) +2 

LONG BRANCH IF DF=1 

LBDF 

C3 

IF DF=1, M(R(P))-R(P).1 

M(R(P) +1 )-R(P).0 
ELSE R(P) +2 

LONG BRANCH IF DF=0 

LBNF 

CB 

IF DF=0, M(R(P))-R(P).1 

M(R(P) +1)-R(P).0 
ELSE R(P) +2 

LONG BRANCH IF 0=1 

LBQ 

Cl 

IF Q=1, M(R(P))-R(P).1 

M(R(P) +1 )-R(P).0 

ELSE R(P) +2 

LONG BRANCH IF Q=0 

LBNQ 

C9 

IF Q=0, M(R(P))-R(P).1 

M(R(P) +1 )-R(P).0 

ELSE R(P) +2 

SKIP INSTRUCTIONS 




SHORT SKIP 

SKP 

38 4 

R (P) +1 

(SEE NBR) 




LONG SKIP 

LSKP 

C8 4 

R(P) +2 

(SEE NLBR) 




LONG SKIP IF D=0 

LSZ 

CE 

IF D=0, R(P) +2 

ELSE CONTINUE 

LONG SKIP IF D NOT 0 

LSNZ 

C6 

IF D NOT 0, R(P) +2 

ELSE CONTINUE 

LONG SKIP IF DF = 1 

LSDF 

CF 

IF DF = 1 , R(P) +2 

ELSE CONTINUE 

LONG SKIP IF DF=0 

LSNF 

C7 

IF DF=0, R(P) +2 

ELSE CONTINUE 

LONG SKIP IF G=1 

LSQ 

CD 

IF Q=1, R(P) +2 

ELSE CONTINUE 

LONG SKIP IF Q=0 

LSNQ 

C5 

IF Q=0, R (P) +2 

ELSE CONTINUE 

LONG SKIP IF IE=1 

LSIE 

CC 

IF IE=1, R(P) +2 

ELSE CONTINUE 

CONTROL INSTRUCTIONS 




IDLE 

IDL 

00 # 

WAIT FOR DMA OR 

INTERRUPT; M(R(0))-BUS 

NO OPERATION 

NOP 

C4 

CONTINUE 

SET P 

SEP 

DN 

N-P 

SET X 

SEX 

EN 

N-X 

SET Q 

SEQ 

7B 

1-0 

RESET Q 

REQ 

7A 

0-Q 

SAVE 

SAV 

78 

T-M(R(X)) 

PUSH X,P TO STACK 

MARK 

79 

(X,P)-T; (X,P)-M(R(2)) 

THEN P-X; R(2)-1 

RETURN 

RET 

70 

M(R (X))-(X,P); R(X) +1 

1-IE 

DISABLE 

DIS 

71 

M(R(X))-(X,P); R(X) +1 

O-IE 


INPUT-OUTPUT BYTE TRANSFER 


OUTPUT 1 

OUT 1 

61 , 

M(R(X))-BUS; R(X) +1; N LINES = T 

OUTPUT 2 

OUT 2 

62 1 

M(R(X))-BUS; R(X) +1; N LINES = 2 

OUTPUT 3 

OUT 3 

63 

M(R(X))-BUS; R(X) +1; N LINES = 3 

OUTPUT 4 

OUT 4 

64 

M(R(X))-BUS; R(X) +1; N LINES = 4 

OUTPUT 5 

OUT 5 

65 

M(R(X))-BUS; R(X) +1; N LINES = 5 

OUTPUT 6 

OUT 6 

66 

M(R(X))-8US; R(X) +1; N LINES = 6 

OUTPUT 7 

OUT 7 

67 

M(R(X))-BUS; R(X) +1; N LINES = 7 

INPUT 1 

INP 1 

69 

BUS-M(R(X)); BUS-D; N LINES = 1 

INPUT 2 

INP 2 

6A 

BU$-M(R(X)); BUS-D; N LINES = 2 

INPUT 3 

INP 3 

6B 

BUS-M(R(X)); BUS-D; N LINES = 3 

INPUT 4 

INP 4 

6C 

BUS-M(R (X)); BUS-D; N LINES = 4 

INPUT 5 

INP 5 

6D 

BUS-M(R(X)); BUS>D; N LINES = 5 

INPUT 6 

INP 6 

6E 

BUS-M(R(X)); BUS-D; N LINES = 6 

INPUT 7 

INP 7 

6F 

BUS-M(R(X)); BUS-D; N LINES = 7 


♦NOTE: THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE 
MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTED. 

♦♦NOTE: THE ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS 
ARE THE ONLY INSTRUCTIONS THAT CAN ALTER THE DF. 

AFTER AN ADD INSTRUCTION: 

DF = 1 DENOTES A CARRY HAS OCCURRED 
DF = 0 DENOTES A CARRY HAS NOT OCCURRED 
AFTER A SUBTRACT INSTRUCTION: 

DF = 1 DENOTES NO BORROW. D IS A TRUE POSITIVE NUMBER 

DF = 0 DENOTES A BORROW. D IS TWO'S COMPLEMENT 

THE SYNTAX "-(NOT DF)" DENOTES THE SUBTRACTION OF THE BORROW 


#An idle instruction initiates a repeating SI cycle. The processor will continue to idle 
until an I/O request (INTERRUPT, DMA-IN, or DMA-OUT) is activated. When the 
request is acknowledged, the IDLE cycle is terminated and the I/O request is serviced, 
and then normal operation is resumed. 

♦NOTE: THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE 
MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTEO. 
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1 . Long-Branch, Long-Skip and No Op instructions are the only instructions that require 
three cycles to complete (1 fetch + 2 execute). 

Long-Branch instructions are three bytes long. The first byte specifies the condition to 
be tested; and the second and third byte, the branching address. 

The long-branch instructions can: 

a) Branch unconditionally 

b) Test for D=0 or D^O 

c) Test for DF=0 or DF=1 

d) Test for Q=0 or Q=1 

e) effect an unconditional no branch 

If the tested condition is met, then branching takes place; the branching address bytes 
are loaded in the high-and-low-order bytes of the current program counter, respectively. 
This operation effects a branch to any memory location. 

If the tested condition is not met, the branching address bytes are skipped over, and 
the next instruction in sequence is fetched and executed. This operation is taken for 
the case of unconditional no branch. 

2. The short-branch instructions are two bytes long. The first byte specifies the 
condition to be tested, and the second specifies the branching address. 

The short-branch instructions can: 

a) Branch unconditionally 

b) Test for D=0 or 

c) Test for DF=0 or DF=1 

d) Test for Q=0 or 0=1 

e) Test the status (1 or 0) of the four EF flags 

f) Effect an unconditional no branch 

If the tested condition is met, then branching takes place; the branching address byte 
is loaded into the low-order byte position of the current program counter. This effects 
a branch with the current 256-byte page of the memory, i.e., the page which holds the 
branching address. If the tested condition is not met, the branching address byte is 
skipped over, and the next instruction in sequence is fetched and executed. This same 
action is taken in the case of unconditional no branch. 

3. The skip instructions are one byte long. There is one Unconditional Short-Skip (SKP) 
and eight Long-Skip instructions. 

The Unconditional Short-Skip instruction takes 2 cycles to complete (1 fetch + 1 execute). 
Its action is to skip over the byte following it. Then the next instruction in sequence is 
fetched and executed. This SKP instruction is identical to the unconditional no-branch 
instruction (NBR) except that the skipped-over byte is not considered part of the program. 
The Long-Skip instructions take three cycles to complete (1 fetch + 2 execute). 

They can: 

a) Skip unconditionally 

b) Test for D=0 or D=£0 

c) Test for DF=0 or DF=1 

d) Test for Q=0 or Q=1 

e) Test for IE=1 

If the tested condition is met, then Long Skip takes place; the current program counter 
is incremented twice. Thus two bytes are skipped over and the next instruction in sequence 
is fetched and executed. If the tested condition is not met, then no action is taken. 
Execution is continued by fetching the next instruction in sequence. 


SIGNAL DESCRIPTIONS 

8-bit bi-directional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 

Issued by an I/O instruction to signal the I/O control logic 
of a data transfer between memory and I/O interface. These 
lines can be used to issue command codes or device selection 
codes to the I/O devices (independently or combined with 
the memory byte on the data bus when an I/O instruction 
is being executed). The N bits are low at all times except 
when an I/O instruction is being executed. During this time 
their state is the same as the corresportding bits in the N 
register. 

The direction of data flow is defined in the I/O instruction 
by bit N 3 and is indicated by the level of the MRD signal. 
MRP = Vqq; Data from I/O to CPU and Memory 
MRD = Vgg: Data from Memory to I/O 

These levels enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by I/O 
devices to "call the attention" of the processor, in which 
case the program must routinely test the status of these 
flag(s). The flag(s) are sampled at the beginning of every SI 
cycle. 


EF1 to EF4 
(4 Flags) 


BUS 0 to BUS 7 
(Data Bus) 

NO to N2 (I/O Command) 
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SIGNAL DESCRIPTIONS (Cont'd) 


INTERRUPT, DMA-IN, 

DMA-OUT 
(3 I/O Requests) 


SCO, SCI, 

(2 State Code Lines) 


TP A, TPB 
(2 Timing Pulses) 


These signals are sampled by the CDP1802 during the 
interval between the leading edge of TPB and the leading 
edge of TPA. 

Interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set tb 1; interrupt enable is reset to 0 (inhibit); and instruc- 
tion execution is resumed. 

DMA Action: Finish executing current instruction; R(0) 
points to memory area for data transfer; data is loaded into 
or read out of memory; and increment R(0). 

Note: In the event of concurrent DMA and INTERRUPT 
requests, DMA-IN has priority followed by DMA-OUT and 
then INTERRUPT. 

These lines indicate that the CPU is: 1) fetching an instruc- 
tion, or 2) executing an instruction, or 3) processing a DMA 
request, or 4) acknowledging an interrupt request. The levels 
of state code are tabulated below. All states are valid at TPA 
H = V CC , L = V ss . 


State Type 

State Code Lines | 

SCI 

SCO 

SO (Fetch) 

L 

L 

SI (Execute) 

L 

H 

S2 (DMA) 

H 

L 

S3 (Interrupt) 

H 

H 


Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The 
trailing edge of TPA is used by the memory system to latch 
the higher-order byte of the 16-bit memory address. TPA is 
suppressed in IDLE when the CPU is in the load mode. 


MAO to MA7 The higher-order byte of a 16-bit COSMAC memory address 

(8 Memory Address Lines) appears on the memory address lines MAO-7 first. Those 
bits required by the memory system are strobed into ex- 
ternal address latches by timing pulse TPA. The low-order 
byte of the 16-bit address appears on the address lines 
after the termination of TPA. Latching of all 8 higher-order 
address bits would permit a memory system of 64K bytes. 


MWR (Write Pulse) A negative pulse appearing in a memory-write cycle, after 

_____ the address lines have stabilized. 

MRD (Read Level) A low level on MRD indicates a memory read cycle. It can 

be used to control three-state outputs from the addressed 
memory which may have a common data input and output 
bus. If a memo ry does not have a three-state high-impedance 
output, MRD is useful for driving memory /bus separator 
gates. It is also used to indicate the direction of data trans- 
fer during an I/O instruction: 

MRD = Vqq: Data from I/O to CPU and Memory 

MRD = V55: Data from Memory to I/O 

Q Single bit output from the CPU which can be set or reset 

under program control. During SEQ or REQ instruction 
execution, Q is set or reset between the trailing edge of 
TPA and the leading edge of TPB. 

CLOCK Input for externally generated single-phase clock. A typical 

clock frequency is 6.4 MHz at Vqq = Vqq = 10 volts. 
The clock is counted down internally to 8 clock pulses per 
machine cycle. 

XTAL Connection to be used with clock input terminal, for an 

external crystal, if the on-chip oscillator is utilized. The 
crystal is connected between terminals 1 and 39 (CLOCK 
and XTAL) in parallel with a resistance (10 megohms typ.). 
Frequency trimming capacitors may be required at terminals 
1 and 39. 




F W OCESSOR INTEGRATED CIRCUITS 

3 

ninary CDP1802D, CDP1802CD 

SIGNAL DESCRIPTION (Cont'd) 

WAIT, CLEAR Provide four control modes as listed in the following truth 

(2 Control Lines) table: 


CLEAR 

WAIT 

MODE 

L 

L 

Load 

L 

H 

Reset 

H 

L 

Pause 

H 

H 

Run 


The function of the modes are defined as follows: 
Load 

Holds the CPU in the IDLE execution state and allows an 
I/O device to load the memory without the need for a 
"bootstrap" loader. It modifies the IDLE condition so that 
DMA-IN operation does not force execution of the next 
instruction. 

Reset 

Registers I, N, Q are reset, IE is set and 0's (V55) are placed 
on the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in SI. The first machine cycle 
after termination of reset is an initialization cycle. During 
this cycle the CPU remains in SI and registers X, P, and R(0) 
are reset. Interrupt and DMA servicing are suppressed during 
the initialization cycle. 

The next cycle is an SO, SI, or an S2 but never an S3. With 
the use of a 71 instruction followed by 00 at memory 
locations 0000 and 0001, this feature may be used to reset 
IE, so as to preclude interrupts until ready for them. Power- 
up reset can be realized by connecting an external RC to 
CLEAR. 

Pause 

Stops the internal CPU timing generator on the first negative 
high-to-low transition of the input clock. The oscillator 
continues to operate, but subsequent clock transitions are 
ignored. 

Run 

May be initiated from the Pause or Reset mode functions. 

If initiated from Pause, the CPU resumes operation on the 
first negative high-to-low transition of the input clock. 
When initiated from the Reset operation, the first machine 
cycle following Reset is always the initialization cycle. The 
initialization cycle is then followed by a DMA (S2) cycle or 
fetch (SO) from location 0000 in memory. 

The internal voltage supply Vqq is isolated from the Input/ 
Output voltage supply Vqq so that the processor may 
operate at maximum speed while interfacing with various 
external circuit technologies, including T^L at 5 volts. Vqq 
must be less than or equal to V DD . All outputs swing from 
V55 to Vqq. The recommended input voltage swing is 

V SS t0 v cc- 

The CDP1802 and CDP1802C CPU state 
transitions when in the RUN mode are shown 
in Fig. 6. Each machine cycle requires the 
same period of time— 8 clock pulses. The 
execution of an instruction requires either 
two or three machine cycles, SO followed by 
a single SI cycle or two SI cycles. S2 is the 
response to a DMA request and S3 is the 
interrupt response. 



V DD' V SS' V CC 
(Power Levels) 
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Preliminary CDP1821SD, CDP1821SCD 


MICROPROCESSOR INTEGRATED 



1024-Word x 1-Bit Static 
Random-Access Memory 


The RCA-CDP1821SD and CDP1821SCD 
are 1024-word x 1 -bit COS/MOS silicon-on- 
sapphire (SOS), fully static, random-access 
memories for use in CDP1800 micropro- 
cessor systems. 

The output state of the CDP1821S is a 
function of the input address and chip- 
select states only. Valid data will appear at 
the output in one access time following the 
latest address change to a selected chip. After 
valid data appears, the address may then be 
changed immediately. It is not necessary to 
clock the chip-select input or any other input 
terminal for fully static operation; therefore, 
the chip-select input may be used as an 
additional address input. When the device is 


in an unselected state (£5=1), the internal 
write circuitry and output sense amplifier are 
disabled. This feature allows the three-state 
data outputs from many arrays to be OR-tied 
to a common bus for ease of memory ex- 
pansion. 

The CDP1821SD is functionally identical to 
the CDP1821SCD. The CDP1821SD has a 
recommended operating voltage range of 4 
to 10 volts, and the CDP1821SCD has a 
recommended operating voltage range of 4 to 
6 volts. 

The CDP1821SD and CDP1S21SCD are 
supplied in 16-lead, hermetic, dual-in-line 
ceramic packages. 


Features: 

■ Static COS/MOS Silicon-On-Sapphire 
ci rcuitry — CD4000- series compatibl e 

■ Compatible with CDP1 800— series 
microprocessors at maximum speed 

■ Fast access time: 

350 ns typ. at Vpp * 5 V; 

200 ns typ. at Vqq = 10 V 

■ Single voltage supply 

■ No precharge or external clocks 
required 

■ Low quiescent and operating power 

■ Separate data inputs and outputs 


CS 

1 V 

ie 

— v DD 

MAO 

2 

15 

DI 

MAI 

3 

14 

MWR 

MA2 

4 

13 

-MA9 

MA3 

5 

12 

MAS 

MA4 

6 

II 

MA7 

DO 

7 

10 

MA6 

v S s — 

8 

9 

MA5 


TOP VIEW 

92CS-27598 


Terminal Assignment 


MAXIMUM RATINGS, 

Absolute-Maximum Values 
Storage-Temperature Range (T stg ) 

—65 to +1 50°C 

Operating-Temperature Range (T A ) 

-20 to +85°C 

DC Supply-Voltage Range (V DD -Vgg): 


CDP1821 SD -0.5 to +1 IV 

CDP1821SCD -0.5 to +7 V 

Input Voltage Range, All Inputs 

-0.5 to V DD +0.5 V 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max +265°C 


OPERATING CONDITIONS at T A =25°C Unless Otherwise Specified 

For maximum reliability , nominal operating conditions should be 
selected so that operation is always within the following ranges: 


CHARACTERISTIC 

Condi - 

LIMITS 

UNITS 

V DD 

(VI 

CDP1821SD 

CDP1821SCD 

Min. 

Max. 

Min. 

Max. 

Supply- Voltage Range 
(At T A =Full Package- 
Temperature Range) 


4 

10 

4 

6 

V 

Recommended Input Voltage Range 

- 

< 

CO 

CO 

V DD 

v ss 

V D D 

V 

Input Signal Rise and Fall Time, 
t r ,t f 

- 

- 

5 

- 

5 

ps 


CLEAR WAIT 



Fig. 1— Typical CD? 1802 microprocessor system. 


OPERATIONAL MODES 


Mode 

Input 

Output 

MRD 

CS 

DO 

Standby 

X 

1 

High-Impedance 

WRITE 

0 

0 

High-Impedance 

READ 

1 

~0~ 

Data 


MAO 

MAI 

MA2 

MA3 


ADDRESS, 

DECODE. 

AND 

BUFFER 


32 X 32 
ARRAY 


- V 0D 

' Vss 


MA4 - 
MAS - 
MA6 - 
MA7 ■ 
MAS 
MA9 


1/32 

COLUMM 

DECODER 


DATA 

BUFFER 


CS - 

MWR - 




Functional Diagram 




DON'T CARE 


DO 


|— l AC A —j 

HIGH IMPEDANCE ^ 

READ OPERATION 


MINIMUM TIMING FOR 
VALID DATA OUTPUT 
LONGER TIMES WILL 
INITIATE AN EARLIER, 
BUT INVALID OUTPUT. 



wr 

h- *DS -H H t DH 


WRITE OPERATION 


92CS-27600 


Timing Diagrams 
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“SSOR INTEGRATED CIRCUITS 

nary CDP1821SD, CDP1821SCD 


^ . rtICAL CHARACTERISTICS at T A =25°C 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

CDP1821SD 

CDP1821SCD 


V 0 

(V) 

V DD 

(V) 

TYPICAL 

VALUES 

TYPICAL 

VALUES 

Static 

Quiescent Device Current, 

'l 


- 

5 

100 

500 

U.A 

- 

10 

500 

- 

Total Power Dissipation, 
Pq at 1 /us cycle 


— 

5 

5 

8 

mW 

- 

10 

20 

- 

Output Voltage: 
Low-Level, Vqi_ 


— 

5-10 

0.01 

0.01 

V 

High-Level, Vqj_j 


- 

5 

4.99 

4.99 

- 

10 

9.99 

- 

Noise Margin: 

V NML 

Any Input 

0.5 

5 

1 

1 

V 

1 

10 

1.5 

— 

V NMH 

Any Input 

4.5 

5 

1 

1 

9 

10 

1.5 

— 

Output Drive Current: 

N-Channel (Sink), IqN 

Any Output 

0.4 

5 

2 

2 

mA 

0.5 

10 

3.5 

— 

P-Channel (Source), IqP 

Any Output 

4.6 

5 

-1 

-1 

9.5 

10 

-15 

- 

Data Output Off- 
Resistance, RQ(Off) 

Q| 

CO | 

ii 

I 

- 

5-10 

5 

5 


Input Leakage, l||_, lj^ 

Any Input 


5-10 

±1 

±1 

ma 

Dynamic: t r ,tf=10 ns, Cl= 50 pF 

Read Operation 

Access Time From 

Address Change, t AA 


- 

5 

350 

350 

ns 

- 

10 

200 

- 

Access Time From 

Chip Select, t A p 



5 

250 

250 

ns 

- 

10 

150 

- 

Write Operation 

Write Pulse Width, tyyyy 


- 

5 

150 

150 

ns 

- 

10 

100 

- 

Data Setup Time, tp$ 


— 

5 

150 

150 

ns 

— 

10 

100 

— 

Data Hold Time, tp|_j 


— 

5 

100 

100 

ns 

- 

10 

50 

- 

Chip Select Setup Time, 

tcs 


- 

5 

250 

250 

ns 

- 

10 

150 

- 

Address Setup Time, t A $ 


— 

5 

200 

200 

ns 

— 

10 

150 

— 

Address Hold Time, t A ^ 


- 

5 

100 

100 

ns 

- 

10 

50 

- 

Capacitance 

Input/Output, C,/C 0 — — 5 5 pF 


Note: 

The dynamic characteristics and timing dia- 
grams indicate maximum performance capa- 
bility of the CDP1821S. When used directly 
with the CDP1802 microprocessor, timing 
will be determined by the dock frequency 
and internal delays of the microprocessor. 

The following general timing relationships 
will hold when the CDP1821Si$ used with the 
CDP1802 microprocessor: 

%W = 2 l c 
t AH = 10 t c 

*AS = 4 5 ^ 

toH^^-O^c 1 Data transfers from 
t DS =5.5tc j CDP1 802 to memory 
MRD occurs one clock period (t c ) earlier 
than the address bits MA0-MA7. 

1 

where t c 

CDP1802 clock frequency 

The CDP1821S is capable of operating at the 
maximum clock frequency of the CDP1802 
microprocessor. 
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MICROPROCESSOR INTEGRATED CIRCUITS 


Preliminary CDP1822SD, CDP1822SCD 

256-Word x 4-Bit Static 
Random-Access Memory 


The RCA-CDP1822SD and CDP1822SCD 
are 256-word x 4-bit COS/MOS SOS static 
random-access memories. These memories are 
compatible with the CDP1802 and will 
interface directly without additional com- 
ponents. 

The CDP1822S has separate inputs and data 
outputs and is operated from a single voltage 
supply. Two Chip-Select inputs, of opposite 
polarity, are pr ovide d to simplify system 
expansion. The MRD signal (output disable 
control) provides WIRE-OR capability and 
is also useful in common input/output sys- 
tems. 


After valid data appears at the output, the 
address inputs may be changed immediately. 
This o utput data will be valid until either the 
MRD sig nal g oes high or the device is de- 
selected (C ST=H or CS2=L). 

The CDP1822SD is functionally identical to 
the CDP1822SCD. The CDP1822SD has a 
recommended operating voltage range of 4 
to 10 volts, and the CDP1822SCD has a 
recommended operating voltage range of 4 
to 6 volts. 

The CDP1822SD and CDP1822SCD are sup- 
plied in 22-lead, hermetic, dual-in-line cera- 
mic packages. 


MAXIMUM RATINGS, Absolute-Maximum Values 


Storage-Temperature Range (T^J 

-65 to +1 50°C 

Operating-Temperature Range (T A ) 

—20 to +85°C 

DC Supply-Voltage Range (V DD ) 

(All voltages referenced to V ss terminal) 

CDP1 822SD -0.5 to +1 1 V 


CDP1822SCD -0.5 to +7 V 

Input Voltage Range, All Inputs 

-0.5 to V DD +0.5 V 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max +265°C 


Features: 

■ Static COS/MOS Silicon-On-Sapphire 
circuitry— CD4000-series compatible 

■ Compatible with CDP1 800-series 
microprocessors at maximum speed 

■ Interfaces with CDP1802 microprocessor 
without additional components 

■ Fast access time: 

350 ns typ. at Vpp = 5 V; 

100 ns typ. at Vpp = 10 V 

■ Single voltage supply 

■ Separate data inputs and outputs 

■ Two-chip select inputs to simplify 
memory system expansion 

■ Output disable to allow common 
I/O system 


MA3 

TT^ 

" 22 

— v DD 

MA2 

2 

21 

MA4 

MAI 

3 

20 

MWR 

MAO 

4 

19 

CSI 

MA5 

5 

18 

MRD 

MA6 

6 

17 

CS2 

MA7 

7 

16 

D03 

v S s — 

8 

15 

DI3 

DIO 

9 

14 

D02 

DOO 

10 

13 

DI2 

Dll 

II 

12 

DOI 


TOP VIEW 


92CS-27592 


Terminal Assignment 


OPERATING CONDITIONS at T A =25°C Unless Otherwise Specified 

For maximum reliability , nominal operating conditions should be 
selected so that operation is always within the following ranges: 


CHARACTERISTIC 


LIMITS 

UNITS 

CDP1822SD 

CDP1822SCD 

Vdd 

(V) 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range 
(AtT A =Full Package- 
Temperature Range) 

- 

■ 

10 

■ 

6 

V 

Recommended Input 
Voltage Range 

■ 

v ss 

V DD 

v ss 

V DD 

V 

Input Signal Rise and 

Fall Time, 

t r .t f 

- 

- 

5 

- 

5 

ps 


OPERATIONAL MODES 







Data Out 

DO 

Function 

MWR 

CSI 

CS2 

MRD 

READ 

1 

0 

1 

0 

Storage State of 
Addressed Cell 

WRITE 

(Output 

Disabled) 

0 

D 

1 

1 

High-Impedance 

WRITE 

0 

0 

1 

0 

New Data In State 


mm 

1 

X 

X 

High-Impedance 

Standby 

X 

X 

0 

X 



i 

0 

1 

1 

High-Impedance 

Logic 1 = High 

Logic 0 

= Low 

X = 

Don't Care 


CLEAR WAIT 



MA4- 

MA5 — — W 


ill i 


9^ Ilf raj isf l0 i '4 ,4 i l6 i 

DIO Dll DI2 013 DOO DOI D02 D03 


Functional Diagram 


Fig. 1— Typical CD PI 802 microprocessor system. 
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MICROPROCESSOR INTEGRATED CIRCUITS 


Preliminary CDP1822SD, CDP1822SCD 


ELECTRICAL CHARACTERISTICS at T A =25°C 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

CDP1822SD 

CDP1822SCD 


v 0 

(V) 

§> 

> 

TYPICAL 

VALUES 

TYPICAL 

VALUES 

| Static 1 

Quiescent Device Current, 

'L 



5 

100 

500 

MA 

- 

10 

500 

- 

Total Power Dissipation, 
Pp, at 1 fds cycle 


— 

5 

8 

10 

mW 

- 

10 

35 

- 

Output Voltage: 
Low-Level, Vql 


— 

5-10 

0.01 

0.01 

V 

High-Level, Vqh 


- 

5 

4.99 

4.99 

- 

10 

9.99 

- 

Noise Margin: 

V NML 

Any Input 

0.5 

5 

1 

1 

V 

1 

10 

1.5 

_ 

V NMH 

Any Input 

4.5 

5 

1 

1 

9 

10 

1.5 

— 

Output Drive Current: 

N-Channel (Sink), IqN 

Any Output 

0.4 

5 

0.8 

0.8 

mA 

0.5 

10 

1.8 

— 

P-Ch^nnel (Source), IqP 

Any Output 

4.6 

5 

-0.8 

-0.8 

9.5 

10 

-1.8 

- 

Data Output Off- 
Resfstance, RQ(Off) 

MRD = H 

— 

5-10 

5 

5 

mi 

Input Leakage, lj|_, Ig-j 

Any Input 

- 

5-10 

1 

1 

A*A 

Dynamic: t r ,tf=10 ns, C|_=50 pF 

Read Operation 

Access Time From 

Address Change, t^A 


- 

5 

350 

350 

ns 

- 

10 

200 

- 

Access Time From 

Chip Select, t/^ 


- 

5 

250 

250 

ns 

- 

10 

150 

- 

Output Active From 


- 

5 

250 

250 

ns 

MRD, t AM 

- 

10 

150 

- 

Write Operation 

Write Pulse Width, t yyyy 


- 

5 

150 

150 

ns 

— 

10 

ioo 

— 

Data Set-up Time, tgg 


- 

5 

150 

150 

ns 

- 

10 

100 

— 

Data Hold Time, t Qj_j 


- 

5 

100 

100 

ns 


10 

50 

— 

Chip Select Setup Time, 

tcs 


- 

5 

250 

250 

ns 

- 

10 

150 

- 

Address Setup Time, t /^5 


- 

5 

200 

200 

ns 

— 

10 

150 

- 

Address Hold Time, t^ 


- ' 

5 

100 

100 

ns 

- 

10 

50 

- 

| Capacitance | 

Input/Output, Cj/Cq — — 

5 5 pF 


b — H 

HR5-X 


K - t AA * 

A MINIMUM TIMING FOR 
VALID DATA OUTPUT- 

MA _X 

LONGER TIMES WILL 

<3,^ 

INITIATE AN EARLIER, 
BUT INVALID OUTPUT. 


1 

OON'T care 


V 

|— t AC A -~ 



HIGH IMPEDANCE 


READ OPERATION 


=>£ 








"tAS- 


-hi- 


MWR 


H—tDS t-OH 

i — ~x — 


WRITE OPERATION 

(MRD MUST BE HIGH FOR COMMON INPUT/OUTPUT) 


DON'T CARE 


Timing Diagrams 


Note: 

The dynamic characteristics and timing dia- 
grams indicate maximum performance capa- 
bility of the CDP1822S. When used directly 
with the CDP1802 microprocessor, timing 
will be determined by the clock frequency 
and internal delays of the microprocessor. 

The following general timing relationships 
will hold when the CDP1 822S is used with the 
CDP1802 microprocessor: 


l WW = 2 x c 
.t AH = 1 0 t c 
l AS = 4 5 l c 

tQH = 1-0t c 7 Data transfers from 
tps = 5.5 t c j CDP1 802 to memory 
MRD occurs one clock period (t c ) earlier 
than the address bits MA0-MA7. 

1 

where t r 

CDP1802 clock frequency 

The CDP1822S is capable of operating at the 
maximum clock frequency of the CDP1802 
microprocessor. 
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MICROPROCESSOR INTEGRATED CIRCUITS 


Preliminary CDP1824D, CDP1824CD 

32-Word x 8-Bit Static Random-Access Memory 


The RCA-CDP1824D and CDP1824CD are 
32-word x 8-bit fully static COS/MOS ran- 
dom-access memories for use in CDP1800 
series microprocessor systems. These parts 
are compatible with the CDP1802 micro- 
processor and will interface directly without 
additional components. 

The CDP1824 is fully decoded and does not 
require a precharge or clocking signal for 
proper operation. It has common input and 
output and is opera ted from a single voltage 
supply. The MRD signal (output disable 

MAXIMUM RATINGS, Absolute-Maximum Values 
Storage-Temperature Range 0" stg ) 

—65 to +1 50°C 

Operating-Temperature Range (T A ) 

—55 to +125°C 

DC Supply-Voltage Range (Vqq) 

(All voltage values referenced to Vgg terminal) 

CDP1824D -0.5 to +15 V 

CDP1824CD -0.5 to +7 V 

Power Dissipation Per Package (P D ) : 


control ) enables th e thre e-state output drivers, 
and overrides the MWR signal. A CS input is 
provided for memory expansion. 

The CDP1824D is functionally identical to 
the CDP1824CD. The CDP1824D has a 
recommended operating voltage range of 3 
to 12 volts, and the CDP1824CD has a 
recommended operating voltage range of 4 
to 6 volts. 

The CDP1824D and CDP1824CD are sup- 
plied in 18-lead, hermetic, dual-in-line cera- 
mic packages. 


For T a =+100 to +1 25°C 

Derate Linearly to 200 mW 

Device Dissipation Per Output Transistor: 

For T A =— 55°Cto +125°C 100 mW 

Input Voltage Range, All Inputs 

—0.5 to Vqq +0.5 V 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max +265°C 


Features: 

■ Static Silicon-Gate CMOS 
circuitry— CD4000-series compatible 

■ Compatible with CDP1800-series 
microprocessors at maximum speed 

■ Interfaces with CDP1802 microprocessor 
without additional components 

■ Fast access time: 

400 ns typ. at Vqq = 5 V; 

200 ns typ. at Vqq = 10 V 

■ Single voltage supply 

■ No precharge or clock required 

■ Full military temperature range 
(— 55°C to +125°C) 

■ Low quiescent and operating power 



92CS-2759I 


Functional Diagram 


500 mW 


OPERATING CONDITIONS at T A =25°C Unless Otherwise Specified 

For maximum reliability , nominal operating conditions should be 
selected so that operation is always within the following ranges: 


CHARACTERISTIC 

Condi- 

LIMITS 

UNITS 

V DD 

(V) 

CDP1824D 

CDP1824CD 

Min. 

Max. 

Min. 

Max. 

Supply- Voltage Range 
(At T A =Full Package- 
Temperature Range) 

- 

3 

12 

4 

6 

V 

Recommended Input Voltage Range 

- 

v ss 

Q 

Q 

> 

v ss 

V D0 

V 

Input Signal Rise and Fall Time, 

Vtf 

- 

_ 

5 

- 

5 

/is 


CLEAR WAIT 



OPERATIONAL MODES 


Function 

CS 

MRD 

MWR 

Data Pins Status 

READ 

0 

0 

X 

Output: High/ 
Low Dependent 
on Data 

WRITE 

0 

1 

0 

Input, Output 
Disabled 

Not 

Selected 

1 

X 

X 

Output Disabled 
High- 

Impedance State 

Standby 

0 

1 

1 


Logic 1 = High Logic 0 = Low X = Don't Care 
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MICROPROCESSOR INTEGRATED CIRCUITS 


Preliminary CDP1824D, CDP1824CD 


ELECTRICAL CHARACTERISTICS at T A =25°C 


- '•AM 



TEST 


LIMITS 


MRD T 

CHARACTERISTIC 

CONDITIONS 

CDP1824D 

CDP1824CD 

UNITS 

MA 



Vo 

V DD 

TYPICAL 

TYPICAL 





(V) 

(V) 

VALUES 

VALUES 


es 22 

Static 










— 

5 

100 

500 



Quiescent Device Current, 


— 

10 

500 

— 

MA 

BUS 

'L 


- 

15 

1000 

- 



Output Voltage: 








Low-Level, Vqi_ 


- 

5-10 

0.01 

0.01 

\/ 

MA 2Z1 

High-Level, Vqj_j 


- 

5 

4.99 

4.99 


cs 


_ 

10 

9.99 

— 



Noise Margin: 








V NML 

Any Input 

0.5 

5 

1 

1 


MWR 

1 

10 

1.5 

- 

V 

____ 

V NMH 

Any Input 

4.5 

5 

1 

1 

BUS _____ 

9 

10 

1.5 

- 



Output Drive Current: 


0.4 


1.6 

1.6 



N-Channel (Sink), IqN 

Any Output 

5 



0.5 

10 

3.6 

— 

m A 


P-Channel (Source), IqP 

Any Output 

4.6 

5 

- 1.6 

- 1.6 


9.5 

10 

- 3.6 

— 



Data Output Off- 
Resistance, Ro(Off) 

MRD/CS=H 

- 

5-10 

5 

5 



Input Leakage, l|[_, l||_j 

Any Input 

- 

5-10 

±1 

±1 

ma 



Dynamic: t r ,tf=10 ns, C|_=50 pF 




HIGH IMPEDANCE 


READ OPERATION 


_t AS "-)t AH 





. DON’T CARE 
- DON’T CARE 


WRITE OPERATION 

A MINIMUM TIMING FOR 
VALID DATA OUTPUT 
LONGER TIMES WILL 
INITIATE AN EARLIER, 
BUT INVALID OUTPUT. 

92CS -27590 


Timing Diagrams 


| Read Operation 

Access Time From 


- 

5 

400 

400 

ns 

Address Change, t 


- 

10 

200 

- 

Access Time From 


- 

5 

300 

300 

ns 

Chip Select, t A Q 


- 

10 

150 

- 

Output Active From 


- 

5 

300 

300 


MRD, t AM 


- 

10 

150 

- 


Write Operation 

Write Pulse Width, tyyyy 


- 

5 

200 

200 

ns 


- 

10 

150 

- 

Data Setup Time, tQg 


— 

5 

100 

100 

ns 


_ 

10 

50 

— 

Data Hold Time, tp|_| 


— 

5 

40 

40 

ns 


- 

10 

20 

— 

Chip Select Setup Time, 


- 

5 

550 

550 

ns 

tCS 


- 

10 

300 

- 

Address Setup Time, t A 5 


_ 

5 

500 

500 

ns 


- 

10 

300 

- 

Address Hold Time, t A f_| 


— 

5 

100 

100 

ns 


- 

10 

50 

- 


Note: 

The dynamic characteristics and timing dia- 
grams indicate maximum performance capa- 
bility of the CDP1824. When used directly 
with the CDP1802 microprocessor, timing 
will be determined by the clock frequency 
and internal delays of the microprocessor. 

The following general timing relationships 
will hold when the CDP1824 is used with the 
CDP1802 microprocessor: 

%W = 2 *c 
t A H = TO t c 

l AS = 4-5 t c 

t DH = 1.0 t c 7 Data transfers from 
t dS = 5.5 t c j CDP1802 to memory 
MRD occurs one clock period (t c ) earlier 
than the address bits MA0-MA7. 

1 

where t r — 

CDP1 802 clock frequency 

The CDP1824 is capable of operating at the 
maximum clock frequency of the CDP1802 
microprocessor. 
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MICROPROCESSOR INTEGRATED CIRCUITS 


Preliminary CDP1831D, CDP1831CD 

512-Word x 8-Bit Static 
Read-Only Memory 


The RCA-CDP1831 D and CDP1831 CD are 
static 4096-bit mask-programmable COS/MOS 
read-only memories organized as 512 words 
x 8 bits and designed for use in CDP1 800- 
series microprocessor systems. They will 
directly interface with either the CDP1801 
or CDP1802 microprocessors without addi- 
tional components. 

The CDP1831 responds to 16-bit address 
multiplexed on 8 address lines. Address 
latches are provided on-chip to store the 8 
most significant bits of the 16-bit address. 
By mask option, this ROM can be program- 
med to operate in any 512-word byte of 64 K 
memory s pace. Three Chip-Select signals— 
CS1, CS2, MRD— are also provided. 


The polarity of the clock (TPA), and CS1 
and CS2 are user mask-programmable. The 
Chip-Enable output signal (CEO) goes “high" 

when the device is selected. This signal is 
intended for use as an output disable control 
for small memory systems. 

The CDP1831D is functionally identical to 
the CDP1831CD. The CDP1831D has a 
recommended operating voltage range of 3 
to 12 volts, and the CDP1831CD has a 
recommended operating voltage range of 4 
to 6 volts. 

The CDP1831D and CDP1831CD are sup- 
plied in 24-lead, hermetic, dual-in-line cera- 
mic packages. 


Features: 

■ Static Silicon-Gate CMOS 
circuitry— CD4000-series compatible 

■ Compatible with C DP 1800-series 
microprocessors at maximum speed 

■ Interfaces with CDP1801, CDP1802 
microprocessors without additional 
components 

■ Fast access time: 

400 ns typ. at Vpp = 10 V 

■ Single voltage supply 

■ On-chip address latch 

■ Full military temperature range 
(— 55°C to +125°C) 

■ Optional programmable location 
within 64K memory space 

■ Low quiescent and operating power 


MAXIMUM RATINGS, 

Absolute-Maximum Values 
Storage-Temperature Range (T $t ) 

—65 to +150°C 

Operating-Temperature Range (T A ) 

—55 to +125°C 

DC Supply-Voltage Range (V DD ) 

(All voltage values referenced to Vgg terminal ) 

CDP1831 D -0.5 to +15 V 

CDP1831CD -0.5 to +7 V 

Power Dissipation Per Package (P D ): 

For T A =-55 to +100°C 

500 mW 


For T a =+100 to +125°C 

Derate Linearly to 200 mW 

Device Dissipation Per Output Transistor: 

For T A =— 55°Cto +125°C 100 mW 

Input Voltage Range, All Inputs 

-0.5 to V DD +0.5 V 

Lead Temperature (During Soldering): 

At distance 1 /1 6 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max +265°C 


OPERATING CONDITIONS at T A =25°C Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 

V DD 

(V) 

CDP1831D 

CDP1831CD 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (At T A =Full 
Package-Temperature Range) 

~ 

3 

12 

4 

6 

V 

Recommended Input Voltage Range 

- 

v ss 

V DD 

v ss 

Q 

Q 

> 

V 

Clock Pulse Width (TPA), tp A yy 

5 

Typical 

Typical 

ns 

100 

100 

10 

50 

— 

Address Setup Time, t A g 

5 

100 

100 

ns 

10 

50 

- 

Address Hold Time, t A ^ 

5 

150 

150 

ns 

10 

75 

- 


CLEAR WAIT 



8 BIT BI-DIRECTIONAL DATA BUS 


92CM- 2 7585 


Fig. 1 —Typical CDP1 802 microprocessor system. 


MA7 

■j V 

24 

# 

1 

MA6 

2 

23 

CLOCK 

MA5 — 

3 

22 

— NC 

MA4 — - 

4 

21 

— CSI 

MA3 

5 

20 

— CS2 

MA2 

6 

19 

— mKB 

MAI 

7 

18 

— CEO 

MA 0 

8 

17 

BUS 7 

BUS 0 

9 

16 

BUS6 

BUSI 

10 

15 

BUS5 

BUS2 — 

II 

14 

BUS4 

Vss — 

12 

13 

BUS3 


TOP VIEW 


NC 1 NO CONNECTION 

92CS- 27564 

Terminal Assignment 



92CS- 27587 

CDP1832 Functional Diagram 



BUT INVALID OUTPUT 


Timing Diagram 
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MICROPROCESSOR INTEGRATED CIRCUITS 


Preliminary CDP1831D, CDP1831CD 


ELECTRICAL CHARACTERISTICS at T A =25°C 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

CDP1831D 

CDP1831CD 

V 0 

(V) 

V DD 

(V) 

TYPICAL 

VALUES 

TYPICAL 

VALUES 

| Static j 

Quiescent Device Current, l|_ 

- 

5 

100 

100 

mA 

— 

10 

500 

— 

— 

15 

1000 

— 

Output Drive Current: 

N-Channel (Sink), IqN 

0.4 

5 

0.8 

0.8 

mA 

0.5 

10 

1.8 

- 

P-Channel (Source), IpP 

4.6 

5 

-0.8 

-0.8 

9.5 

10 

-1.8 

- 

Dynamic: tf,tf =10 ns, 0^=50 pF 

Access Time From Address 
Change, t AA 

— 

5 

850 

850 

ns 

- 

10 

400 

- 

Chip Enable Output Delay 

Time From CS, tQQ 

— 

5 

400 

400 

ns 

- 

10 

200 

- 


Note: 

The dynamic characteristics and timing dia- 
grams indicate maximum performance capa- 
bility of the CDP1831. When used directly 
with the CDP1802 microprocessor, timing 
will be determined by the clock frequency 
and internal delays of the microprocessor. 

The following general timing relationships 
will hold when the CDP1831 is used with the 
CDP1802 microprocessor: 


t A H = 0 5 l c 
tPAW = 10t c 


MRD occurs one clock period (t c ) earlier 
than the address bits MA0-MA7. 

1 


where V 

CDP1802 clock frequency 


The CDP1831 is capable of operating at the 
maximum clock frequency of the CDP1802 
microprocessor. 
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MICROPROCESSOR INTEGRATED CIRCUITS 


Preliminary CDP1832D, CDP1832CD 
512-Word x 8-Bit Static 


Read-Only Memory 


The RCA-CDP1832D and CDP1832CD are 
static 4096-bit mask-programmable COS/MOS 
read-only memories organized as 512 words 
x 8 bits and designed for use in CDP1 800- 
series microprocessor systems. The CDP1832 
ROM's are completely static— no clocks are 
required. 

A Chip-Select input (CS) is provided for 
memory expansion. Outputs are enabled 
when CS=0. 

The CDP1832 is a pin-for-pin compatible 


replacement for the industry types 2704/ 
8704 Reprogrammable Read-Only Memories. 

The CDP1832D is functionally identical to 
the CDP1832CD. The CDP1832D has a 
recommended operating voltage range of 3 
to 12 volts, and the CDP1832CD has a 
recommended operating voltage range of 4 
to 6 volts. 

The CDP1832D and CDP1832CD are sup- 
plied in 24-lead, hermetic, dual-in-line cera- 
mic packages. 


MAXIMUM RATINGS, Absolute-Maximum Values 


Storage-Temperature Range (T st ) 

—65 to +150°C 

Operating-Temperature Range (T A ) 

—55 to +125°C 

DC Supply-Voltage Range (V DD ) 

(All voltage values referenced to Vgg terminal) 

CDP1832D -0.5 to +15 V 

CDP1832CD -0.5 to +7 V 

Power Dissipation Per Package (Pp): 

For T A =-55 to +100°C 

500 mW 


For T a =+100 to +1 25°C 

Derate Linearly to 200 mW 

Device Dissipation Per Output Transistor: 

For T a =- 55°C to +125°C ... 100 mW 

Input Voltage Range, All Inputs 

-0.5 to V DD +0.5 V 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max +265°C 


Features: 

■ Static Silicon-Gate CMOS 
circuitry— CD4000-serie$ compatible 

■ Compatible with CDP 1800-series 
microprocessors at maximum speed 

■ Fast access time: 

400 ns typ. at Vpp = 10 V 

■ Single voltage supply 

■ Full military temperature range 
{— 55°C to +125°C) 

■ Functional replacement for 
industry type 8704 51 £ x 8 PROM 

■ Three-state outputs 

■ Low quiescent and operating power 



NC « NO CONNECTION 


MCS-27579 


Terminal Assignment 


OPERATING CONDITIONS at T A =25°C Unless Otherwise Specified 

For maximum reliability , nominal operating conditions should be 
selected so that operation is always within the following ranges: 


A MINIMUM TIMING FOR 
VALID 0ATA OUTPUT, 
LONGER TIMES WILL 
INITIATE AN EARLIER, 
BUT INVALID OUTPUT 



CONDITIONS 

LIMITS 


CHARACTERISTIC 

V DD 

CDP1832D 

CDP1832CD 

UNITS 


(V) 

Min. 

Max. 

Min. 

Max. 


Static I 

Supply-Voltage Range (At T A =Full 
Package-Temperature Range) 


3 

12 

4 

6 

V 

Recommended Input Voltage Range 

~ 

v ss 

V DD 

v ss 

V DD 

V 


X 

I— ’AC 4 -] 


HIGH IMPEDANCE 


L t AH 



S>?Cb 


CDP1832 
Timing Diagram 


CLEAR WAIT 




CDP1832 

Functional Diagram 


Fig. 1— Typical CDP 1802 microprocessor system. 


707 






MICROPROCESSOR INTEGRATED CIRCUITS 


Preliminary CDP1832D, CDP1832CD 


ELECTRICAL CHARACTERISTICS at T A =25°C 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

CDP1832D 

CDP1832CD 

v 0 

(V) 

V DD 

(V) 

TYPICAL 

VALUES 

TYPICAL 

VALUES 

Static | 

Quiescent Device Current, II 

- 

5 

100 

500 

HA 

- 

10 

500 

- 

- 

15 

1000 

- 

Output Drive Current: 

N-Channel (Sink), IqN 

0.4 

5 

0.8 

0.8 

mA 

0.5 

10 

1.8 

- 

P-Channel (Source), IqP 

4.6 

5 

-0.8 

-0.8 

9.5 

10 

-1.8 

- 

Dynamic: t r ,tf=10 ns, Cl= 50 pF 

Access Time From Address 
Change, t^ 

- 

5 

850 

850 

ns 

- 

10 

400 

- 

Access Time From Chip 

Select, t ac 

_ 

5 

400 

400 

ns 

- 

10 

200 

- 
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MICROPROCESSOR INTEGRATED CIRCUITS 


Preliminary CDP1852D, CDP1852CD 

8-Bit Input/Output Port 


The RCA-CDP1852D and CDP1852CD are 
parallel, 8-bit, mode-programmable COS/MOS 
input/output ports designed for use in CDP- 
1800 series microprocessor systems. These 
input/output ports are compatible and will 
interface directly with the CDP1802 without 
additional components. 

The mode control is used to program the 
device as an input port (mode^O) or output 
port (mode=1 ). If the CDP1852 is used as an 
input port (mode=0), data is strobed into the 
port's 8-bit register by a high (1 ) level on the 
clock line. The negative, high-to-low transi- 
tion of the clock sets the Service Request 
Flip-Flop (3R=0) and latches the data in the 
register. The SR output can be used to sig- 
nal the microprocessor. When CS1*CS2=1 
the three-state output drivers are enabled, 
the negative high-to-low transition of CS1* 
CS2 resets the Service Request Flip-Flop, 
SR=1. 

If the CDP1852 is used as an output port 


(mode=1), data is strobed into the port's 
8-bit register when CS1 *CS2*CLOCK : =1. The 
three-state output drivers are enabled at all 
times when the CDP1852 is configured as an 
output port. The service request signal is 
generated at the termination of CS1*CS2=1 
and will be present, 1 level, until the fol- 
lowing negative, high-to-low transition of the 
clock. 

A CLEAR control is provided for resetting 
the port's register and service request flip- 
flop. 

The CDP1852D is functionally identical to 
the CDP1852CD. The CDP1852D has a 
recommended operating voltage range of 3 
to 12 volts, and the CDP1852CD has a 
recommended operating voltage range of 4 
to 6 volts. 

The CDP1852D and CDP1852CD are sup- 
plied in 24-lead, hermetic, dual-in-line cera- 
mic packages. 


MAXIMUM RATINGS, 

Absolute-Maximum Values 
Storage-Temperature Range (T $t ) 

—65 to +150°C 

Operating-Temperature Range (T A ) 

—55 to +125°C 

DC Supply-Voltage Range (V DD ) 

(All voltage values referenced to Vgg terminal) 

CDP1852D -0.5 to +15 V 

CDP1852CD -0.5 to +7 V 

Power Dissipation Per Package (Pp): 

For T a =-55 to +100°C 
500 mW 


For T a =+100 to +125°C 

Derate Linearly to 200 mW 

Device Dissipation Per Output Transistor: 

For T A =-55°Cto +125°C lOOmW 

Input Voltage Range, All Inputs 

— 0.5 to Vqq +0.5 V 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max +265°C 


OPERATING CONDITIONS at T A =25°C Unless Otherwise Specified 

For maximum reliability , nominal operating conditions should be 
selected so that operation is always within the following ranges: 



CONDITIONS 

LIMITS 


CHARACTERISTIC 

V DD 

CDP1852D 

CDP1852CD 

UNITS 


(V) 

Min. 

Max. 

Min. 

Max. 


Supply-Voltage Range (At T A =Full 
Package-Temperature Range) 

- 

3 

12 

4 

6 

V 

Recommended Input Voltage Range 

- 

CO 

CO 

> 

V DD 

v ss 

V DD 

V 



Typical 

Typical 


Strobe Pulse Width, tyyg 

5 

200 

200 

ns 

10 

100 

— 

Data Setup Time, tpg 

5 

0 

0 

ns 

10 

0 

— 

Data Hold Time, tpj_j 

5 

100 

100 

ns 

10 

50 

- 


CLEAR WAIT 

11® 


8 BIT BI-DIRECTIONAL DATA BUS 



Features: 

■ Static Silicon-Gate CMOS 
circuitry— CD4000-series compatible 

■ Compatible with CDP1 800-series 
microprocessors at maximum speed 

■ Interfaces with CDP1802 
microprocessor without additional 
components 

■ Single voltage supply 

■ Full military temperature range 
(— 55°C to +125°C) 

■ Parallel 8-bit data register and 
buffer 

■ Flip-flop for service request 

■ Asynchronous register clear 

■ Low quiescent and operating power 


csi/C5i — 

1 

24 

0 

0 
> 

1 

MODE — 

2 

23 

SR/SR 

DIO — 

3 

22 

DI7 

DOO — 

4 

21 

— D07 

Dll — 

5 

20 

— DI6 

DOI — 

6 

19 

— D06 

DI2 — 

7 

18 

— DI5 

D02 — 

8 

17 

— DOS 

DI3 — 

9 

16 

— DI4 

D03 — 

10 

15 

— D04 

CLOCK- — 

II 

14 

CLEAR 

v ss 

12 

13 

CS2 


TOP VIEW 


92C5-27572 

Terminal Assignment 


CSI/CSI*- 


clTSS- 


DIO-^ 
Dll -j 
DI2- 
DI3 - 
014 ^ 
DI5 “ 
Die-* 
DI7-* 


DEVICE 

SELECT 

DECODE 


[RESET CLOCK! 


► SR/sr 


CONTROL | 
LOGIC 


8-BIT 

DATA 

REGISTER 


24 

12 


THREE - 
STATE 


V DD 

V SS 


► DOO 

► DOI 

► D02 

► D03 


OUTPUT 115*004 


DOS 

DOG 

D07 


POLARITY DEPEN0S ON MODE 


92CS -27574 


Functional Diagram 


Fig. 1 — Typical CDP 1802 microprocessor system. 


709 









MICROPROCESSOR INTEGRATED CIRCUITS 


Preliminary CDP1852D, CDP1852CD 


ELECTRICAL CHARACTERISTICS at T A =25°C 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

CDP1852D 

CDP1852CD 

v o 

(V) 

V DD 

(V) 

TYPICAL 

VALUES 

TYPICAL 

VALUES 

Static 1 

Quiescent Device Current, l|_ 

— 

5 

50 

100 

pA 

— 

10 

100 

- 

— 

15 

500 

- 

Output Drive Current: 

N-Channel (Sink), IqN 

0.4 

5 

1.6 

1.6 

mA 

0.5 

10 

3.6 

- 

P-Channel (Source), IqP 

4.6 

5 

- 1.6 

- 1.6 

9.5 

10 

- 3.6 

- 

Dynamic: t r ,tf=10 ns, C|_=50 pF 

Propagation Delay Times: 

Output from CS, t£ A 


5 

200 

200 

ns 

_ 

10 

100 

- 

Data to Output, tQD 

— 

5 

200 

200 

- 

10 

100 

- 



MODE = Q 


CLOCK 

CS1-CS2 

CLEAR 

Data Out Equals 

H 

0 

X 

High -Im- 
pedance 

0 

1 

0 

0 

0 

1 

1 

Data Latch 

1 

1 

X 

Data In 


Nx 

tpb| 


BUS 0 
TO 

BUS 7| 

n , v cc| 



CSI 



CLOCK 

DO 

CDPI852 0-7 

DI 

0-7 SR 

Vqd 


DATA BUS 



MODE CLEAR 


?K> 


DATA 

AND 

CONTROL 

TO 

OUTPUT 

DEVICE 


V D D 


92CS-27577 


CLOCK(TPB) . 


CS2(NO/NI/N2) 

CSI(MRD) J~\ 
DATA-IN (FROM RAM) 
DATA-OUT 
SR 


H HK t WS 




i > 

i 

1 

7 

o 

o 


NEW DATA 


OUTPUT PORT TIMING 


A_ 


* 

'os k H 


DATA IN 3C 

csi (Mfffc) 


CS2 

(NO/NI/N2) 


~*DH 


DON'T CARE~ 


-=fP 


- l CA 


t: 


HIGH IMPEDANCE | VALID DATA | HIGhTm PEDANCE 
INPUT PORT TIMING 


92CS-27S76 


MODE = 1 


CLOCK 

CS1-CS2 

CLEAR 

Data Out Equals 

0 

X 

0 

0 

0 

X 

1 

Data Latch 

X 

0 

1 

Data Latch 

1 

1 

X 

Data In 


SR = 1 A 

SR = 0 

CSVCS2 ^ 

CLOCK ^ 

Or CLEAR ^ 


Fig. 2—CDP1852 output port operation. 


SR = 0 

SR = 1 A 

CLOCK ^ 

CS1-CS2 5k 

Or CLEAR ^ 


Fig. 3— CD PI 852 input port operation. 


Note: 

The dynamic characteristics and timing dia- 
grams indicate maximum performance capa- 
bility of the CDP1852. When used directly 
with the CDP1802 microprocessor, timing 
will be determined by the clock frequency 
and internal delays of the microprocessor. 

The following general timing relationships 

* The service request flip-flop is placed in the "1" 
state by the termination of the I/O port selection, 
CSI *CS2 or CS1*CS2. System implementations 
should be avoided which cause a transient selection 


will hold when the CDP1852 is used as an 
output port with the CDP1802 micropro- 
cessor: 

tws< TPB > = 1-0t c 

t D H = 0-5 t c 

1 

t c = 

CDP1802 clock frequency 
of the port. The termination of the signal may 
improperly place the service request flip-flop in the 
“1" state. The transition used to set and reset 
SR/SR may be positive or negative. The polarity 
will not affect circuit operation shown in Figs.2 and 3. 
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High-Reliability 
Integrated Circuits 




HIGH-R ELI ABILITY INTEGRATED CIRCUITS 


RCA offers high-reliability versions of a 
broad range of integrated circuits. These high- 
reliability integrated circuits include COS/MOS 
types, microprocessor systems, CMOS and 
NMOS memories, and linear types that are 
processed in accordance with MIL-STD-883 
(Military Standard for Test Methods, Microelec- 
tronics). In addition, twenty-seven COS/MOS 
integrated circuits are currently being “quali- 
fied" to meet the requirements of MIL-M- 
38510 (Military Standard for Microelectronics 


or Integrated Circuits). RCA plans to qualify a 
number of its more than 100 standard linear 
integrated circuits in accordance with MIL-M- 
38510 in the future. 

The product-classification charts shown in 
Tables I through IV list RCA high-reliability 
integrated circuits processed in accordance with 
MIL-STD-883 (slash-series types) and MIL-M- 
38510 that are currently available or that are 
planned for the near future. (Note: High-relia- 
bility slash-series types of any commercial RCA 


integrated circuit may also be obtained on a 
custom basis.) 

RCA also offers a broad line of high-relia- 
bility integrated-circuit chips for use in hybrid 
circuits. Standard chips are normally inspected 
to MIL-STD-883, Method 2010.1, Condition B 
Visual. Chips subjected to the more critical 
Condition A Visual inspections and to SEM 
(scanning-electron-microscope) inspections are 
also available. 


TABLE I — Product Classification Guide for RCA High -Reliability COS/MOS Integrated Circuits 



MIL-STD-883 Slash-Series and MIL-M-38510 Series Types """] 

Standard 
Product 
Type No. 

Descriptive Title 

Availability 
of MIL- 
STD-883 
Slash-Series 
Types 

MIL-M-38510 Series Types | 

Detailed Electrical 
Specification No. 

Availability 
of Parts 

CD4000A 

Dual 3-Input NOR Gate Plus Inverter 

Now 

Ml L-M-3851 0/05201 

Now 

CD4001A 

Quad 2-Input NOR Gate 

Now 

Ml L-M-3851 0/05202 

Now 

CD4002A 

Dual 4-Input NOR Gate 

Now 

Ml L-M-3851 0/05203 

Now 

CD4006A 

18-Stage Static Shift Register 

Now 

Ml L-M-3851 0/05701 

Now 

CD4007A 

Dual Complementary Pair Plus Inverter 

Now 

Ml L-M-3851 0/05301 

Now 

CD4008A 

4-Bit Full Adder With Parallel Carry-out 

Now 

Ml L-M-3851 0/05401 

Now 

CD4009A 

Hex Buffer/Converter (Inverting Type) 

Now 

Ml L-M-3851 0/05501 

Now 

CD4010A 

Hex Buffer/Converter (Non-Inverting Type) 

Now 

Ml L-M-3851 0/05502 

Now 

CD4011A 

Quad 2-Input NAND Gate 

Now 

Ml L-M-3851 0/05001 

Now 

CD4012A 

Dual 4-Input NAND Gate 

Now 

Ml L-M-3851 0/05002 

Now 

CD4013A 

Dual "D" Type Flip-Flop With Set/Reset 





Capability 

Now 

Ml L-M-3851 0/05101 

Now 

CD4014A 

8-Stage Static Shift Register (Synchronous) 

Now 

Ml L-M-3851 0/05702 

Now 

CD4015A 

Dual 4-Stage Static Shift Register 

Now 

Ml L-M-3851 0/05703 

Now 

CD4016A 

Quad Bilateral Switch 

Now 

Ml L-M-3851 0/05801 

Now 

CD4017A 

Decade Counter/Divider 

Now 

Ml L-M-3851 0/05601 

Now 

CD4018A 

Presettable Divide-By-"N" Counter 

Now 

Ml L-M-3851 0/05602 

Now 

CD4019A 

Quad AND-OR Select Gate 

Now 

Ml L-M-3851 0/05302 

Now 

CD4020A 

14-Stage Ripple-Carry Binary Counter/Divider 

Now 

Ml L-M-3851 0/05603 

Now 

CD4021A 

8-Stage Static Shift Register (Asynchronous) 

Now 

Ml L-M-3851 0/05704 

Now 

CD4022A 

Divide-By-8 Counter/Divider With 8 Decoded 





Outputs 

Now 

Ml L-M-3851 0/05604 

' Now 

CD4023A 

Triple 3-Input NAND Gate 

Now 

Ml L-M-3851 0/05003 

Now 

CD4024A 

7-Stage Binary Ripple Counter 

Now 

Ml L-M-3851 0/05605 

Now 

CD4025A 

Triple 3-Input NOR Gate 

Now 

Ml L-M-3851 0/05204 

Now 

CD4026A 

Decade Counter/Divider 

Now 


Note 1 

CD4027A 

Dual J-K Master-Slave Flip-Flop With Set/Reset 





Capability 

Now 

Ml L-M-3851 0/051 02 

Now 

CD4028A 

BCD-TO-Decimal Decoder 

Now 

Ml L-M-3851 0/05901 

Note 2 

CD4029A 

Presettable Up/Down Counter 

Now 

Ml L-M-3851 0/05606 

Note 2 

CD4030A 

Quad Exclusive-OR Gate 

Now 

Ml L-M-3851 0/05303 

Note 2 

CD4031A 

64-Stage Static Shift Register 

Now 

Ml L-M-3851 0/05705 

Now 

CD4033A 

Decade Counter/Divider 

Now 


Note 1 

CD4034A 

8-Stage Parallel ! n/Parallel-Out Bidirectional 





Static Shift Register 

Now 

Ml L-M-3851 0/05706 

Note 2 

CD4035A 

4-Stage Parallel-ln/Parallel-Out Shift Register 

Now 

Ml L-M-3851 0/05707 

Note 2 

CD4036A 

4-Word X 8-Bit RAM (Binary Addressing) 

Now 


Note 1 

CD4039A 

4-Word X 8-Bit RAM (Direct Word-Line 





Addressing) 

Now 


Note 1 

CD 4040 A 

12-Stage Binary/Ripple Counter 

Now 

Ml L-M-3851 0/05607 

Note 2 

CD4041A 

Quad True/Complement Buffer 

Now 

Ml L-M-3851 0/05505 

Note 2 

CD4042A 

Quad Clocked "D" Latch 

Now 

Ml L-M-3851 0/051 03 

Note 2 

CD4043A 

Quad 3-State NOR R/S Latch 

Now 


Note 1 

CD4044A 

Quad 3-State NAND R/S Latch 

Now 


Note 1 

CD4045A 

21 -Stage Clock-Timer Counter 

Now 


Note 1 

CD4046A 

Micropower Phase-Locked Loop 

Now 


Note 1 

CD4047A 

Low-Power Monostable/Astable Multivibrator 

Now 

Ml L-M-3851 0/0501 4 

Note 2 

CD4048A 

Multi-Function Expandable 8-Input Gate 

Now 


Note 1 

CD 4049 A 

Hex Buffer/Converter (Inverting Type) 

Now 

Ml L-M-3851 0/05503 

Now 

CD4050A 

Hex Buffer /Converter (Non-Inverting Type) 

Now 

Ml L-M-3851 0/05504 

Now 

CD4051A 

Single 8-Channel Analog Multiplexer 

Now 

Ml L-M-3851 0/05803 

Note 2 

CD4052A 

Differential 4-Channel Anglog Multiplexer 

Now 


Note 1 

CD4053A 

Triple 2-Channel Analog Mutliplexer 

Now 


Note 1 

CD4057A 

LSI 4-Bit Arithmetic Array 

Now 

Ml L-M-3851 0/05903 

Note 2 
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HIGH-RELIABILITY INTEGRATED CIRCUITS 


TABLE I — Product Classification Guide for RCA High-Reliability COS/MOS Integrated Circuits (Continued) 



MIL-STD-883 Slash-Series and MIL-M-38510 Series Types | 

Standard 
Product 
Type No. 

Descriptive Title 

Availability 
of MIL- 
STD-883 
Slash-Series 
Types 

MIL-M-38510 Series Types | 

Detailed Electrical 
Specification No. 

Availability 
of Parts 

CD4059A 

Divide-by-N Counter (Programmable) 

2nd Q 1976 


Note 1 

CD4060A 

14-Stage Binary Counter and Oscillator 

Now 


Note 1 

CD4061A 

256-Bit Static Random-Access Memory 

Now 

MIL-M-3851 0/05902 

Note 2 

CD4062A 

200-Stage Dynamic Shift Register 

Now 


Note 1 

CD4063B 

4-Bit Magnitude Comparator 

Now 


Note 1 

CD4066A 

Quad Bilateral Switch 

Now 

MIL-M-3851 0/05802 

Note 2 

CD4067B 

Single 16-Channel Multiplexer/ 





Demultiplexer 

1st Q 1976 


Note 1 

CD4068B 

8-Input NAND Gate 

Now 


Note 1 

CD4069B 

Hex Inverter 

Now 


Note 1 

CD4070B 

Quad Exclusive-0 R Gate 

1st Q 1976 


Note 1 

CD4071 B 

Quad 2-Input OR Gate 

Now 


Note 1 

CD4072B 

Dual 4-Input OR Gate 

Now 


Note 1 

CD4073B 

Triple 3-Input AND Gate 

Now 


Note 1 

CD4075B 

Triple 3-Input OR Gate 

Now 


Note 1 

CD4076B 

3-State 4-Bit "D" Type Register 

1st Q 1976 


Note 1 

CD4077B 

Quad Exclusive-NOR Gate 

1st 01976 


Note 1 

CD4078B 

8-Input NOR Gate 

Now 


Note 1 

CD4081B 

Quad 2-Input AND Gate 

Now 


Note 1 

CD 4082 B 

Dual 4-Input AND Gate 

Now 


Note 1 

CD4085B 

Dual 2-Wide 2-Input AND-OR-Invert Gate 

Now 


Note 1 

CD4086B 

Expandable 4-Wide 2-Input AND-OR- 





Invert Gate 

Now 


Note 1 

CD4089B 

Binary Rate Multiplier 

1st Q 1976 


Note 1 

CD4093B 

Quad 2-Input NAND Schmitt Trigger 

1st Q 1976 


Note 1 

CD4094B 

8-Bit Bus Register With Shift and Store 

1st Q 1976 


Note 1 

CD 4095 B 

Gated JK Flip-Flop (Non-Inverting J 





and K Inputs) 

1st Q 1976 


Note 1 

CD4096B 

Gated JK Flip-Flop (Inverting and 





Non-Inverting J and K Inputs) 

1st Q 1976 


Note 1 

CD4097B 

Differential 8-Channel Multiplexer/ 





Demultiplexer 

1st Q 1976 


Note 1 

CD 4098 B 

Dual Retiggerable/Resettable 





Monostable Multivibrator 

1st Q 1976 


Note 1 

CD4099B 

8-Bit Addressable Latch 

1st, 2nd Q 1976 


Note 1 

CD4502B 

Strobed Hex Inverter/Buffer 

2nd Q 1976 


Note 1 

CD4508B 

Dual 4-Bit Latch 

2nd Q 1976 


Note 1 

CD4510B 

4-Bit BCD Up/Down Counter 

1st Q 1976 


Note 1 

CD4511B 

BCD-to-Seven -Segment Latch Decoder 





Driver 

1st Q 1976 


Note 1 

CD4514B 

4-Bit Latch/4-to-16 Line Decoder 





(Outputs High) 

Now 

, 

Note 1 

CD4515B 

4 Bit Latch/4-to-16 Line Decoder 





(Outputs Low) 

Now 


Note 1 

CD4516B 

4-Bit Binary Up/Down Counter 

1st Q 1976 


Note 1 

CD4518B 

Dual BCD Up Counter 

Now 


Note 1 

CD4520B 

Dual Binary Up Counter 

Now 


Note 1 

CD4527B 

BCD Rate Multiplier 

3rd Q 1976 


Note 1 

CD4532B 

8- Input Priority Encoder 

1st Q 1976 


Note 1 

CD4555B 

Dual 1-of-4 Decoder/Demultiplexer 





(Outputs High) 

1st Q 1976 


Note 1 

CD4556B 

Dual 1-of-4 Decoder/Demultiplexer 





(Ouputs Low) 

1st Q 1976 


Note 1 

CD40100 

32 -Bit Left/Right Shift Register 

3rd Q 1976 


Note 1 

CD40101 

Parity Generator/Checker 

3rd Q 1976 


Note 1 

CD40102 

Presettable 8-Bit BCD Down 





Counter 

3rd Q 1976 


Note 1 

CD40103 

Presettable 8-Bit Binary Down 





Counter 

3rd Q 1976 


Note 1 

CD40104 

3-State, 4-Bit Left/Right Shift 





Register 

3rd Q 1976 


Note 1 

CD40105 

FIFO Buffer Register 

3rd Q 1976 


Note 1 

CD40107 

Dual 2-Input NAND Buffer/Driver 

3rd Q 1976 


Note 1 

CD40108 

4X4 Multiport Register 

3rd Q 1976 


Note 1 
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HIGH-RELIABILITY INTEGRATED CIRCUITS 


Table 1 — Product Classification Guide for RCA High-Reliability COS/MOS Integrated Circuits (Continued) 



MIL-STD-883 Slash-Series and MIL-M-38510 Series Types 



Availability 

MIL-M-38510 Series Types ! 



of MIL- 



Standard 


STD-883 



Product 


Slash -Series 

Detailed Electrical 

Availability 

Type No. 

Descriptive Title 

Types 

Specification No. 

of Parts 

CD40109 

Quad Low-to-High Voltage Level Shifter 

3rd Q 1976 


Note 1 

CD40181 

4-Bit Arithmetic Logic Unit 

3rd Q 1976 


Note 1 

CD40182 

Look-Ahead -Carry Block Arithmetic Logic Unit 

3rd Q 1976 


Note 1 

CD40192 

Synchronous 4-Bit Up/Down 3 BCD Counter 

3rd Q 1976 


Note 1 

CD40193 

Synchronous 4-Bit Up/Down Binary Counter 

3rd Q 1976 


Note 1 

CD40194 

4-Bit Left/Right Shift Register 

3rd Q 1976 


Note 1 

CD40257 

Quad 2-line-to-1-line Data Selector Multiplexer 

3rd Q 1976 


Note 1 


Notes: 

1. No MIL-M-38510 detailed electrical specifications have been defined as yet. RCA plans to add additional types to the MIL-M- 
38510 series on a continuing basis. 

2. MIL-M-38510 nomenclature has been assigned for these circuits. Proposed detailed electrical specifications have been developed 
and are under review by governmental agencies. RCA will take custom orders for these circuits, processed and tested to the pro- 
posed specifications, starting about mid-1976. 


Table II — Product Classification Guide for RCA High-Reliability Microprocessors 


CDP1801 System 

MIL-STD-883 Slash-Series Types 

Product 


Availability to MIL-STD-883 

Type # 

Description 

RCA Slash Series 


Microprocessor (COSMAC) 


CDP1801D 

Two-Chip Set 

Mid 1976 

CDP1801UD 

Processor Chip 


CDP1801 RD 

Register Chip 



I/O Circuit 


CD4000 Series 

COS/MOS 

Memory 

Now 

CD4061A 

256-Bit RAM 

Now 


CDP1802 System 


1 Ml L-STD-883 Slash-Series Type 1 

Product 


Availability to MIL-STD-883 

Type # 

Description 

RCA Slash Series 


Microprocessor 


CDP1802D 

Complete Processor 

Early 1977 


Memory 


CDP1821SD 

1024 x 1 RAM 

1977 

CDP1822SD 

256x4 RAM 

1977 

CDP1824 D 

32 x 8 RAM 

1977 

CDP1831 D 

512 x 8 ROM (COSMAC Compatible) 

1977 

CDP1832D 

512 x 8 ROM (Intel PROM Compatible) 

1977 


I/O Circuits 


CDP1852D 

BYTE I/O 

1977 

CDP1853D 

1-of-8 Latch Decoder 

1977 

CDP1854D 

UART 

1977 

CDP1855D 

Multiply /Divide Chip 

1977 
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HIGH-RELIABILITY INTEGRATED CIRCUITS 


Table Ml - Product Classification Guide for RCA High-Reliability CMOS and NMOS Integrated-Circuit 
Memories 


Product 

Type # 

Description 

Technology 

Availability to MIL-STD-883 

RCA Slash Series 

CD4061AD 

256X1 Bit RAM 

Std. COS/MOS 

Now 

MSW5501 D 

1024X1 Bit (10V) 

SOS/CMOS 

2nd Half 1976 

MWS5540D 

256X4 Bit (10V) 

SOS/CMOS 

Early 1977 

MW4050D 

4096X1 Bit/18 Pin 

NMOS 

Mid 1976 

MW4060D 

4096X1 Bit/22 Pin 

NMOS 

Mid 1976 


Table IV — Product Classification Guide for RCA High-Reliability Linear Integrated Circuits 



MIL-STD-883 Slash-Series Types 


Standard 


Availability of MIL-STD-883 

Product 

Type No. 

Descriptive Title 

Slash-Series Types 

CA101AT 

Operational Amplifier, General-Purpose 

Now 1975 

CA101T 

Operational Amplifier, General-Purpose 

Now 1975 

CA107T 

Operational Amplifier, General-Purpose 

Now 1975 

CA108AT 

Operational Amplifier, Precision 

Now 1975 

CA108T 

Operational Amplifier, Precision 

Now 1975 

CA111T 

Voltage Comparator 

Now 1975 

CA723T 

Voltage Regulator 

Now 1975 

CA741CT 

Operational Amplifier, General-Purpose 

Use CA741T 

CA741T 

Operational Amplifier, General-Purpose 

Now 

CA747CT 

Operational Amplifier, General-Purpose 

Use CA747T 

CA747T 

Operational Amplifier, General-Purpose 

Now 

CA748CT 

Operational Amplifier, General-Purpose 

Use CA748T 

CA748T 

Operational Amplifier, General-Purpose 

Now 

CA1458T 

Operational Amplifier, General-Purpose 

Use CA1558T 

CA1541D 

Dual-Input Memory Sense Amplifier 

Custom Basis Only 

CA1558T 

Operational Amplifier, General-Purpose 

Now 

C A 3000 

DC Amplifier 

Now 

CA3001 

Video and Wide-Band Amplifier 

Now 

C A 3002 

IF Amplifier 

Now 

C A 3004 

RF Amplifier 

Now 

CA3005 

RF Amplifier 

Use C A 3006 

CA3006 

RF Amplifier 

Now 

CA3010 

Operational Amplifier 

Use CA3015, CA3015A 

CA3010A 

Operational Amplifier 

Use CA3015, CA3015A 

CA301 1 

FM IF Amplifier 

Use CA3014 

CA3012 

FM IF Amplifier 

Use CA3014 

CA3013 

Wide-Band Amplifier/Limiter/FM Detector 

Use CA3014 

CA3014 

Wide-Band Amplifier/Limiter/FM Detector 

Custom Basis Only 

CA3015 

Operational Amplifier 

Now 

CA3015A 

Operational Amplifier 

Now 

CA3018 

General-Purpose Transistor Array 

Use CA3018A 

CA3018A 

General-Purpose Transistor Array 

Now 

CA3019 

Diode Array (Quad and Two Individual Diodes) 

Now 

C A 3020 

Multipurpose Wide-Band Power Amplifier 

Use CA3020A 

CA3020A 

Multipurpose Wide-Band Power Amplifier 

Now 

CA3026 

Dual Independent Differential Amplifier 

Now 

CA3028A 

Differential/Cascode Amplifier 

Use CA3028B 

CA3028B 

Differential/Cascode Amplifier 

Now 

CA3036 

Dual Darlington Array 

Custom Basis Only 

CA3037 

Operational Amplifier 

Use CA3038, CA3038A 

CA3037A 

Operational Amplifier 

Use CA3038, CA3038A 

CA3038 

Operational Amplifier 

Custom Basis Only 

CA3038A 

Operational Amplifier 

Custom Basis Only 

CA3039 

Diode Array (Six Matched Diodes) 

Now 

CA3043 

FM IF Subsystem 

Custom Basis Only 

CA3045 

General-Purpose Transistor Array 

Now 

C A 3046 

General-Purpose Transistor Array 

Use CA3045 

CA3049T 

Dual Independent Differential RF/IF Amplifier 

Now 

CA3053 

Differential/Cascode Amplifier 

Use CA3028B 

CA3058 

Zero-Voltage Switch 

Now 

CA3060AD 

Triple Operational Transconductance Amplifier Array 

Custom Basis Only 

CA3060BD 

Triple Operational Transconductance Amplifier Array 

Custom Basis Only 

CA3060D 

Triple Operational Transconductance Amplifier Array 

Use CA3060AD 
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HIGH-RELIABILITY INTEGRATED CIRCUITS 


Table IV - Product Classification Guide for RCA High-Reliability Linear Integrated Circuits (Continued) 


MIL-STD-883 Slash-Series Types 


Standard 

Product 

Type No. 

Descriptive Title 

Availability of MIL-STD-883 
Slash-Series Types 

CA3076 

High-Gain Wide-Band IF Amplifier-Limiter 

Custom Basis Only 

CA3078AT 

Micropower Operational Amplifier 

Now 

CA3078T 

Micropower Operational Amplifier 

Now 

C A 3080 

Operational Transconductance Amplifier 

Now 

C A 3080 A 

Operational Transconductance Amplifier 

Now 

CA3085 

Positive Voltage Regulator 

Now 

CA3085A 

Positive Voltage Regulator 

Now 

CA3085B 

Positive Voltage Regulator 

Now 

CA3086 

General-Purpose N-P-N Transistor Array 

Use CA3045 

CA3091D 

Four-Quadrant Multiplier 

Custom Basis Only 

C A 3094 AT 

Programmable Power Switch/Amplifier 

Now 

CA3094BT 

Programmable Power Switch/Amplifier 

Now 

CA3094T 

Programmable Power Switch/Amplifier 

Now 

CA3100T 

Wide-Band Operational Amplifier 

Now 

CA3118AT 

High-Voltage Transistor Array 

Now 

CA3118T 

High-Voltage Transistor Array 

Now 

CA3130T 

COS/MOS Operational Amplifier 

Now 

CA31 30AT 

COS/MOS Operational Amplifier 

Now 

CA3130BT 

COS/MOS Operational Amplifier 

Now 

HR3N187 

Dual-Gate FET 

Now 

HR3N200 

Dual-Gate FET 

Now 


MIL-M-38510 Series Types 


Standard 

Descriptive Title 

MIL-M-38510/100 Series Type | 

Product 

Type No. 

Detailed Electrical Specification No. 

Projected Availability 

CA101A 

Operational Amplifier 

Ml L-M-3851 0/1 01 03 

Mid 1976 

CA108A 

Operational Amplifier 

MIL-M-38510/10104 

Late 1976 

CA741 

Operational Amplifier 

Ml L-M-3851 0/1 0101 

Early 1976 

CA747 

Operational Amplifier 

Ml L-M-3851 0/1 01 02 

Mid 1976 

CA723 

Voltage Regulator 

Ml L-M-3851 0/1 0201 

Mid 1976 

CA111 

Voltage Comparator 

Ml L-M-3851 0/1 0304 

Mid 1976 

CA3018A 

CA3045 

Transistor Arrays 

In Process 

Early 1976 


MIL-STD-883 Requirements 

RCA Solid State Division offers a broad 
range of COS/MOS and linear integrated cir- 
cuits processed and screened in accordance with 
MIL-STD-883, Method 5004.3, Class A, B, or C 
requirements. 

The product-flow chart for RCA high-rel la- 
bility integrated circuits processed in accord- 
ance with MIL-STD-883 is shown in Fig. 1. 
After wafer processing, special visual inspec- 
tions are performed to MIL-STD-883, Method 
2010.2, Condition B or A at both chip and 
pre-seal inspections to assure a packaged chip of 
high reliability. In the case of Class A product 
(RCA levels / 1 and 12 ), parts are tested func- 
tionally, and then receive a dc parameter test; 
significant parameters are recorded. 

A 240-hour burn-in at 125°C is performed 
on all parts. All readings are repeated, and delta 
shifts calculated. The customer is provided with 
print-outs of these parameters identified by the 
serial number on the part. The parts then go 
through 100-per-cent high- and low-tempera- 
ture testing under functional and dc operating 
conditions. Next, 100-per-cent ac testing is 


accomplished followed by Group A sampling of 
all test conditions. The Class A product is 
branded, visually inspected, and retested both 
functionally and to dc parameters prior to 
packaging and shipment to the customer. The 
screening tests for Class B (RCA level /3) and 
Class C (RCA level 14 ) devices are reduced as 
shown in Table V in which X designates that a 
test is performed 100 percent and S indicates 
that the test is a screen. For Class-B devices, the 
main difference is that burn-in is for 160 hours 
with GO-NO/GO parameter readings made 
before and after burn-in. Temperature testing is 
done on a sampling basis, and visual inspection 
prior to sealing is not as critical. Class-C devices 
are tested similarly to Class-B devices less the 
burn-in, temperature, and ac tests. 


MIL-M-38510 Requirements for High-Reliability 
COS/MOS Integrated Circuits 

MIL-M-38510 is the general specification for 
integrated circuits and the top document for 


MIL-STD-883. This general specification, intro- 
duced a year after MIL-STD-883 was in exist- 
ence, adds a number of quality constraints not 
included in MIL-STD-883, which is a specifica- 
tion of test methods, procedures, and screening 
tests. Parts are provided to MIL-M-38510 under 
a series of /050 numbers of which nine are in 
existence. These nine numbers cover twenty- 
seven COS/MOS types. Parts meet requirements 
similar to those of Classes A, B, and C of 
MIL-STD-883. Method 5004 screening, except 
that additional requirement^, including more 
test conditions and tightened limits, are im- 
posed. The additional criteria for each class of 
product are designated by an X in Table VI. 
Also provided in MIL-M-38510 tests are PDA's 
(Per-Cent Defective Allowed) of 10 per cent for 
the three burn-in operations performed on 
Class-A product, and 10 per cent for the one 
burn-in of Class-B product. Table VII pro- 
vides a list of the COS/MOS devices for which 
MIL-M-38510 /050-number specification sheets 
have been written. 

Fig. 2 shows a product-flow diagram for 
RCA COS/MOS integrated circuits processed in 
accordance with MIL-M-38510. 
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HIGH-RELIABILITY INTEGRATED CIRCUITS 


MIL -STD -883 
METHOD 2010.2 
CONDITION A OR B 


CONDITIONING SCREENS j 

STABILIZATION BAKE 
THERMAL SHOCK 
TEMPERATURE CYCLING 
MECHANICAL SHOCK 
CENTRIFUGE 
FINE LEAK 
GROSS LEAK 

I 




PRE 


240 HRS 


POST 


FINAL 

ELECTRICAL 


SERIALIZE 


BURN-IN 

ELEC. 


BURN-IN 


BURN-IN 

ELECTRICAL 





^ INSPECTION |-| 

j VISUAL j 

im 


1 

1 


EXTERNAL 

VISUAL 

i . 


1 


PRECAP 


PRESEAL 


SEAL AND LOT 

VISUAL 


BAKE 


IDENTIFICATION 


SEM 

INSPECTION 
AS REQUIRED 


CONDITIONING SCREENS 

STABILIZATION BAKE 
TEMPERATURE CYCLING 
CENTRIFUGE 
FINE LEAK 
GROSS LEAK 



Fig. 1 — Product-flow diagram for RCA high-reliability integrated circuits processed 

in accordance with MIL-STD-883, Methods 5004.3 and 5005.3. 92cl- 24949R1 


Table V — Description of Total Lot Screening per MIL-STD-883, Method 5004.3 



Conditions 

MIL STD-883 



Screening Levels 



Test 

Method 

Conditions 

/IN 

/1R 

/I 

12 

/3 

/3W 

/4 

SEM Inspection 

_ 

2018 

_ 

X 

X 

_ 

_ 

_ 

_ 


Precap Visual 


2010.2 

A 

X 

- 


- 

- 

- 

- 

Precap Visual 

- 

2010.2 

B 

- 

X 

X 

X 

X 

X 

X 

Preseal Bake 

2 Hrs. min. at 200°C 

- 

- 

X 

X 

X 

X 

X 

X 

X 

Seal & Lot Identification 

- 

- 

- 

X 

X 

X 

X 

X 

X 

X 

Stabilization Bake 

48 hrs. at 150°C 

1008 

C 

X 

X 

X 

X 

X 

X 

X 

Temperature Cycling 

1 0 cycles 

1010 

C 

X 

X 

X 

X 

X 

X 

X 

Centrifuge 

Y 2, Yi direction. 

2001 

E 

X 

X 

X 

X 

- 

_ 

- 


V -| direction only 

2001 

E 

- 

- 

- 

- 

X 

X 

X 

Fine Leak 

- 

1014 

A 

X 

X 

X 

X 

X 

X 

X 

Gross Leak 

- 

1014 

C 

X 

X 

X 

X 

X 

X 

X 

Electrical Tests 

- 

- 

- 

X 

X 

X 

X 

X 

X 

- 

Serialize 

- 

_ 

_ 

X 

X 

X 

X 

_ 

- 

- 

Pre Burn-in Electrical 

see T able 1 X 

- 

- 

X 

X 

X 

X 

- 

- 

- 

Burn-in 

240 hours (see Note 1 ) 

1015 

B, D, E, or F 

X 

X 

X 

X 

- 

- 

- 


160 hours (see Note 1 ) 

1015 

B, D, E, or F 

— 

- 

- 

- 

X 

X 

_ 

Post Burn-in Electrical 

Final Electrical 

Delta Requirements (See Table IX) 

- 

- 

X 

X 

X 

X 

— 

- 

- 

a) 25°C 

b) -55 and M25°C DC 

see Table VII 

- 

- 

X 

X 

X 

X 

X 

X 

X 

and 25°C AC 

see Table VII 

- 

_ 

X 

X 

X 

X 

X 

- 

S 

Radiographic Inspection 

1 view 

2012 

- 

X 

X 

X 

- 

- 



External Visual 


2009 


X 

X 

X 

X 

X 

X 

X 


Note 1: RCA may substitute method 1015 Condition F, which provides variable burn-in time and temperature options. 
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HIGH-RELIABILITY INTEGRATED CIRCUITS 


Table VI — MIL-M-38510 requirements 
in addition to those of MIL-STD-883 



Class 

Class 

Class 

Requirements 

A 

B 

C 

Product assurance 




plan 

X 

X 

X 

Manufacturing 

Certification 

X 

X 

X 

Line certification 

X 



SEM inspection 

X 



Radiographic 

NHB5300.4I3E) 

X 



Two bias burn-in 




24 hrs. 

X 



Tighter DC electrical 

X 

X 

X 

Tighter AC electrical 

X 

X 

X 


Table VII — COS/MOS devices for which specification sheets have been written 


Detailed Electrical 


Specification, 

MIL-M-38510 

Device Covered 

MIL-M-3851 0/050 


01 

CD4011A 

02 

CD4012A 

03 

CD4023A 

MIL-M-3851 0/051 


01 

CD4013A 

02 

CD4027A 

MIL-M-3851 0/052 


01 

CD4000A 

02 

CD4001A 

03 

CD4002A 

04 

CD4025A 

MIL-M-3851 0/053 


01 

CD4007A 

02 

CD4019A 

MIL-M-3851 0/054 


01 

CD4008A 

No other detailed electrical specifications have been de- 
fined by NASA or military agencies at this time. RCA plans 
to qualify most of the COS/MOS product Hne in the future. 


Detailed Electrical 
Specification, 
MIL-M-38510 

Device Covered 

MIL-M-3851 0/055 


01 

CD4009A 

02 

CD4010A 

03 

CD 4049 A 

04 

CD4050A 

MIL-M-3851 0/056 


01 

CD4017A 

02 

CD4018A 

03 

CD4020A 

04 

CD4022A 

05 

CD4024A 

MIL-M-3851 0/057 


01 

CD 4006 A 

02 

CD4014A 

03 

CD4015A 

04 

CD4021A 

05 

CD4031A 

MIL-M-3851 0/058 


01 

CD4016A 


MIL-M-38510 Wafer Lot Acceptance, Screening Procedures, Qualification and Conformance Testing per MIL-STD-883 Methods 5007, 2018, 2010.2, 5004.3 and 5005.3 



TABLE 1 1 A 



Fig. 2 — PRODUCT FLOW CHART for RCA Class A High Reliability Integrated Circuits Processed in Accordance with MIL-M-38510. 
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APPENDIX 


Dimensional Outlines 


DIMENSIONAL OUTLINES FOR LINEAR INTEGRATED CIRCUITS AND MOS/FET DEVICES 


(T) Suffix JEDEC MO-002-AL 8- Lead TO-5 Style 



NOTES 

1. Refer to JEDEC Publication No. 13 for Rules for Dimensioning 
Axial Lead Product Outlines. 

2. Leads at gauge plane within 0.007” (0.178 mm) radium of True 
Position (TP) at maximum material condition. 

3. <t> B applies between Li and L2<t>B2 applies between L2 and 
0.500" (12.70 mm) from seating plane. Diameter is uncontrolled 
in Li and beyond 0.500” (12.70 mm). 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. | MAX. 

MIN. | MAX. 

a 

0.200 TP 

2 

5.88 TP 

A 1 

0.010 

0.050 


0.26 

1.27 

A 2 

0.165 

0.185 


4.20 

4.69 

0B 

0.016 

0.019 

3 

0.407 

0.482 

0B ^ 

0.125 

0.160 


3 18 

4.06 

0B2 

0.016 

0.021 

3 

0.407 

0.533 

0D 

0.335 

0.370 


8.51 

9.39 

oD-, 

0.305 

0.335 


~T^ 

8.50 

F 1 

0.020 

0.040 


0.51 

1.01 

1 

0.028 

0.034 


0.712 

0.863 

k 

0.029 

0.045 

4 

0.74 

1.14 

L 1 

0.000 

0.050 

3 

0.00 

1.27 

L 2 

0.250 

0.500 

3 

64 

12.7 

L 3 

0.500 

0 562 

3 

127 

14.27 

a 

45° TP 


45* 

b TP 

N 

8 

6 

8 

N 1 

3 

5 

3 


4. Measure from Max. $ D. 

5. Ni is the quantity of allowable missing leads. 

6. N is the maximum quantity of lead positions. 


(S) Suffix 8-Lead TO-5 Style with 
Dual-ln-Line Formed Leads (DIL-CAN) 


.335- 370 
(8.5I-9.39T 
DIA 

.305-. 335 . 
(7.75-8.50) 
DIA 

.015-050 — 

( .39-1-27) 1 


8 LEADS |H 
.016 -.019 -*JL_ 

'■<°W. 482 » 


.200 (5.08) DIA- 
PIN CIRCLE 


,I00±.0I0 
(2.54 + . 254) 
(3 SPACES) 


. 185 u 1 y 
(4-70) 




.3003.010 

(7.62±,254) 


.300±.0l0 

(762*254) 

NON CUMULATIVE 


92CS- 20296 R2 


(T) Suffix JEDEC MO-006-AF 10-Lead TO-5 Style 


(V) Suffix 

10 Formed Leads Radially 
Arranged TO-5 Type 




NOTE 

MILLIMETERS | 



a 

0.230 TP 

2 

5.84 TP f 

A 1 

0 

0 


0 

n 

A2 

0.166 

0.185 


Kd 

KSZ9 

<pB 

Kssa 

KlilLl 

3 



<t> Bi 

0^ 

0 


0 


0B2 



3 




0.335 

0.370 


8.51 


*Di 

0.305 

0.335 


■ESDI 

KOI 

Fl 




0.51 


i 





kebi 

k 



4 


K!1B 

Li 

0.000 

0.050 

3 

0.00 

1.27 

msm 


muou 

3 

6.4 

12.7 

msm 


KiES 

3 

12.7 

EE9K 

a 

360 tp 



N 

10 

6 

10 

Ni 

1 

5 

1 



NOTES: 

1. Refer to Rules for Dimensioning Axial Lead Product Out 
lines. 

2. Leads at gauge plane within 0.007" (0.178 mm) radius of 
True Position (TP) at maximum material condition. 

3. 4>B applies between Li and L2- $82 applies between L2 
and 0.500" (12.70 mm) from seating plane. Diameter is 
uncontrolled in Li and beyond 0.500" (12.70 mm). 


4. Measure from Max. 0D. 

5. Ni is the quantity of allowable missing leads. 

6. N is the maximum quantity of lead positions. 


92CS-I5835 



.235-.265 I 
(5.97-6.73) 

_1 9 10 LEADS 

-HK0I6-.0I9 
(.407- .482) 
DIA. 


92C$-l4S36Rt 
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APPENDIX 


Dimensional Outlines (Cont’d) 

(T) Suffix JEDEC MO-006-AG 12-Lead TO^ Style 



JEDEC TO-72 


SYMBOL 

INCHES 


MILLIMETERS | 

MIN. 

MAX. 


MIN. 

MAX.| 

a 

0.230 

2 

5.84 TP S 

Al 

0 

0 


0 

0 

a 2 

0.165 

0.185 


4.19 

4.70 

,08 

0.016 

0.019 

3 

0.407 

0.482 

0Bi 

0 

0 


0 

0 

0B 2 

0.016 

0.021 

3 

0.407 

0.533 

4>D 

0.335 

0.370 


8.51 

9.39 

0Di 

0.305 

0.335 


7.75 

8.50 

h 

0.020 

0.040 


0.51 

1.01 

i 

0.028 

0.034 


0.712 

0.863 

k 

0.029 

0.045 

4 

0.74 

1.14 

Li 

0.000 

0.050 

3 

0.00 

1.27 

L 2 

0.250 

0.500 

3 

6.4 

12.7 

l 3 

0.500 

0.562 

3 

12.7 

14.27 

<X 

30° 

TP 


30° 

TP 

N 

12 

6 

12 

Ni 

1 

5 

1 


NOTES: 

1. Refer to Rules for Dimensioning Axial Lead Product Out- 
lines. 

2. Leads at gauge plane within 0.007" (0.178 mm) radius of 
True Position (TP) at maximum material condition. 

3. 4 > B applies between Li and L2- 0B 2 applies between L 2 
and 0.500" (12.70 mm) from seating plane. Diameter is 
uncontrolled in Li and beyond 0.500" (12.70 mm). 

4. Measure from Max. 0D. 

5. Ni is the quantity of allowable missing leads. 

6. N is the maximum quantity of lead positions. 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.170 

0.210 

4.32 

5.33 


0b 

0.016 

0.021 

0.406 

0.533 

2 

0b 2 

0.016 

0.019 

0.406 

0.483 

2 

0D 

0.209 

0.230 

5.31 

5.84 


0D, 

0.178 

0.195 

4.52 

4.95 


e 

0.100 T.P. 

2.54 T.P. 

4 

«1 

0.050 T.P. 

1.27 T.P. 

4 

h 


0.030 


0762 


i 

0.036 

0.046 

0.914 

1.17 


k 

0.028 

0.048 

0.711 

1.22 

3 

1 

0.500 


12.70 


2 

h 


0.050 


1.27 

2 

*2 

0.250 


6.35 


2 


45° 

T.P. 

45° 

T.P. 

4, 6 


Note 1: (Four leads). Maximum number leads omitted in this outline, 
"none" (0). The number and position of leads actually present are 
indicated in the product registration. Outline designation deter- 
mined by the location and minimum angular or linear spacing of any 
two adjacent leads. 

Note 2: (All leads) 0b 2 applies between I j and I 2 . 0b applies 
between 1 2 and .500" (12.70 mm) from seating plane. Diameter is 
uncontrolled in lj and beyond .500" (12.70 mm) from seating plane. 
Note 3: Measured from maximum diameter of the product. 

Note 4: Leads having maximum diameter .019" (.483 mm) measured in 
gaging plane .054" (1.37 mm) + .001" (.025 mm) — .000" (,000 mm) 
below the seating plane of the product shall be within .007" (.178 mm) 
of their true position relative to a maximum width tab. 

Note 5: The product may be measured by direct methods or by gage. 
Note 6: Tab centerline. 


White Ceramic 


-T 

__ - 

Ol 

BASE PLANE 

SEATING PLANE \ 

mm 

m 

Ti A 

=U- i i 

GAUGE PLANE 

uTYYin 



"H*i k 

U-B, B— 

L 

17 

h 



c 1 

INDEX AREA 



8^4- < 

1 2 3 




BOTTOM VIEW 

7 f t 

El *A E 



13 u l/ht u u uJ 

ill 




(D) Suffix 

JEDEC MO-001 -AD 14-Lead 


SYMBOL 

| INCHES 


| MILLIMETERS | 

MINi 

MAX. 


MIN. 

MAX. 

A 

0.120 

0.160 


3.05 

4.06 

Al 

0.020 

0.066 


0.51 

1.65 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.050 

0.066 


1.27 

1.65 

C 

0.008 

0.012 

1 

0.204 

0.304 

P 

0.745 

0.770 


18.93 

19.55 

E 

0.300 

0.325 


7.62 

8.25 

Ei 

0.240 

0.260 


6.10 

6.60 

01 

0.100 TP 

2 

2.54 TP 

0A 

0.300 TP 

2,3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

L2 

0.000 

0.030 


0.000 

076 

a 

0o 

150 

4 

0 O 

150 

N 

14 

5 


Ni 


3 

6 


0 

Qi 

0.060 

0.085 


1.27 

2.15 

S 

0.065 

0.090 


1.66 

2.28 


92SS-44IIRI 


1-In-Line Packages 


NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 13) 
for Axial Lead Product Outlines. 

1. When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013". 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
guage plane with maximum material condition and unit installed. 

3. e^ applies in zone L 2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N 1 is the quantity of allowable missing leads. 


(D) Suffix 

JEDEC MO-001-AE 16-Lead 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.120 

0.160 


3.05 

4.06 

A 1 

0.020 

0.065 


0.51 

1.65 

B 

0.014 

0.020 


0.356 

0.508 

B 1 

0.035 

0.065 


0.89 

1.65 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

0.745 

0.785 


18.93 

19.93 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

e 1 

0.100 TP 

2 

2.54 TP 

e A 

0.300 TP 

2.3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

L 2 

0.000 

0.030 


0.000 

0.76 

a 

0° 

15° 

4 

0° 

15° 

N 

16 

5 

16 I 

N 1 


0 

6 


0 

Q 1 

0.050 

0.085 


1.27 

2.15 

S 

0.015 

0.060 


0.39 

1.52 


92SS-4286R4 
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APPENDIX 


Dimensional Outlines (Cont’d) 

CERAMIC DUAL-IN-LINE PACKAGES (Cont'd) 


White Ceramic Side-Brazed Packages 



(D) Suffix 
JEDEC MO-015-AG 
24- Lead 



INCHES "] 

NOTE 

MILLIMETERS | 


MIN. 

MAX. 


MIN. 

MAX. 

A 

0.090 

0.150 


2.29 

3.81 

Ai 

0.020 

0.065 

2 

0.51 

1.65 

B 

0.015 

0.020 


0.381 

0.508 

Bi 

0.045 

0.055 


1.143 

1.397 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

1.15 

1.22 


29.21 

30.98 

E 

0.600 

0.625 


15.24 

15.87 

El 

0.480 

0.520 


12.20 

13.20 

e 1 

0.100 TP 

3 

2.54 TP 

eA 

0.600 TP 

3 

15.24 TP 

L 

0.100 

0.180 


2.54 

4.57 

L2 

0.000 

0.030 

3 

0.00 

0.76 

a 

0° 

15° 

4 

0° 

15° 

N 

24 

5 

24 

Ni 


0 

6 


0 

Ql 

0.020 

0.080 


0.51 

2.03 

S 

0.020 

0.060 


0.51 

1.52 


NOTES: 

Refer to JEDEC Publication No. 13 for Rules for 
Dimensioning Axial Lead Product Outlines. 

1. When this device is supplied solder dipped, the 
maximum lead thickness (narrow portion) will 
not exceed 0.013" (0.33 mm). 

2. When base of body is to be attached to heat sink, 
terminal lead standoffs are not required and Ai = 0. 
When Ai = 0, the leads emerge from the body with 
the Bi dimension and reduce to the B dimension 
above the seating plane. 

3. ei and eA apply in zone L2 when unit is installed. 
Leads within 0.005 " (0.127 mm) radius of True 
Position (TP) at gauge plane with maximum 
material condition. 

4. Applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N-| is the quantity of allowable missing leads. 


(D) Suffix 

JEDEC MO-015-AH 

28-Lead 



INCHES 1 

MILLIMETERS 1 

NOTES 

SYMBOL 

MIN. 

MAX. 

MIN. 

MAX. 

A 

.100 

200 

2.6 

5.0 

2 

Ai 

.000 

.070 

0 

1.77 


B 

.015 

.020 

381 

.508 


Bi 

.015 

.055 

39 

1.39 


C 

.008 

012 

.204 

.304 


0 

1 380 

1.420 

35 06 

36.06 


E 

.600 

.625 

15.24 

15.87 


El 

485 

.515 

12.32 

13.08 


•1 

.100 TP 

2.54 TP 

3 

•A 

600 TP 

15.24 TP 

3 

L 

100 

.200 

2.6 

5.0 


L2 

.000 

.030 

0 

.76 


a 

0 

15 

0° 

150 

4 

N 

28 

28 

5 

Ni 

0 

0 

6 

Qi 

020 

.070 

.51 

1.77 


s 

040 

.070 

1.02 

1.77 


Sm Note 

h _ 

cz 



92CM-20250 


92CS-I9948 




92CS-25I86 


NOTES 

1. LEADS WITHIN 0.13 mm (0.005) 
RADIUS OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION, 

2. DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 

3. WHEN THIS DEVICE IS SUPPLIED 
SOLDER-DIPPED, THE MAXIMUM 
LEAD THICKNESS (NARROW 
PORTION) WILL NOT EXCEED 
0.013" (0.33 mm). 


(D) Suffix 

22-Lead Dual-ln-Line Side-Brazed 


DIM. 

MILLIMETERS 

INCHES j 

MIN. 

MAX. 

MIN. 

MAX. 

A 

27.05 

27.94 

1.065 

1.100 

C 

2.16 

3.68 

0.085 

0.145 

D 

0.43 

0.56 

0.017 

0.023 

F 

1.02 REF. 

0.040 REF. 

G 

2.54 BSC 

0.100 BSC 

H 

0.76 

1.78 

0.030 

0.070 

J 

0.20 

0.30 

0.008 

0.012 

K 

3.18 

4.45 

0.125 

0.175 

L 

9.65 

10.67 

0.380 

0.420 

M 

- 

7° 

- 

7° 

N 

0.64 

1.27 

0.025 

0.050 


(D) Suffix 

16-Lead Dual-ln-Line Side-Brazed 



NOTE: DIMENSIONS IN PARENTHESES ARE IN MILLIMETERS AND 
ARE DERIVED FROM THE BASIC INCH DIMENSIONS 


(D) Suffix 

18-Lead Dual-ln-Line Side-Brazed 



SYMBOL 



NOTES 



wuwm 


A 

- 


- 

5.08 


B 

fflTTTl 


eem 

1.14 


C 

Ena 

eeh 

EEfli 



D 

0.54 

1.37 


E 


0.012 

HI WHM 

0.304 

1 

F 

i»I*m 

EHH 

eem 

WElEL 1 


G 

lOM*! 


HB 

WUlIM 


H 

0.100 

2.54 

mm 

J 

0.300 

7.62 

BI 

K 

MK-i 


EK9 

■m 


L 

[E3 

EE3 

EEM 

1.65 



NOTES: 


1. When this device is supplied solder-dipped, 
the maximum lead thickness (narrow portion) 
will not exceed 0.013" (0.33 mm). 

2. Leads within 0.005" (0.13 mm) radius of 
true position at maximum material condition. 

3. Lead spacing (center to center) when 
formed parallel. 
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APPENDIX 


Dimensional Outlines (Cont’d) 



(D) Suffix 

28-Lead Dual-ln-Line Side-Brazed 


DIM. 

MILLIMETERS 

INCHES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

35.06 

36.06 

1 380 

1.420 

C 

2 16 

368 

0.085 

0.145 

D 

0.43 

0.56 

0017 

0023 

F 

1.27 REF 

0.050 REF 

G 

2 54 BSC 

0 100 BSC 

H 

076 

1.78 

0030 

0.070 

J 

020 

0.30 

0 008 

0.012 

K 

3 18 

4.45 

0 125 

0.175 

L 

14 74 

15.74 

0.580 

0 620 

M 

- 

70 

- 

7° 

P 

0.64 

1.27 

0.025 

0050 

N 

28 

n 1 


92CM-264I9 


NOTES: 

1. Lwdt within 0.13 mm (0.005) radius of true position 
at maximum matarial condition. 

2. Dimansion "L" to can tar of loads whan for mad paralMH. 

3. Whan this davica is supplied solder -dipped, the maximum 
lead thickness (narrow portion) will not exceed 0.013 in. 
(0.33 mm) 


(D) Suffix 

40-Lead Dual-ln-Line Side-Brazed 


DIM. 

MILLIMETERS 

INCHES ] 

MIN. 

MAX. 

MIN. 

MAX. 

A 

50.30 

51.30 

1.980 

2.020 

C 

2.42 

3.93 

0.095 

0.155 

D 

0.43 

0.56 

0.017 

0.023 

F 

1.27 REF. 

0.050 REF. 

G 

2.54 BSC 

0.100 BSC 

H 

0.76 

1 78 

0.030 

0.070 

J 

0.20 

0.30 

0.008 

0.012 

K 

3.18 

4.45 

0.125 

0.175 

L 

14.74 

15.74 

0.580 

0.620 

M 

- 

7° 

- 

7° 

P 

0.64 

1.27 

0.025 

0.050 

N 

40 

40 


SICM- 27029 


Ceramic Flat Packs 



NOTES: 

1. Refer to JEDEC Publication No. 13 for Rules for 
Dimensioning Peripheral Lead Outlines. 

2. Leads within 0.005" (0.12 mm) radius of True 
Position (TP) at maximum material condition. 

3. N is the maximum quantity of lead positions. 

4. Z and 7L\ determine a zone within which all body 
and lead irregularities lie. 


(K) Suffix 

JEDEC MO-004- A F 14- Lead 


SYMBOL 

INCHES S 

NOTE 

MILLIMETERS \ 

jrjai 


Emu 

E 231 

A 

0.008 

0.100 


0.21 

2.54 

B 

0.015 

0.019 


0.381 

0.482 

C 

0.003 

0.006 

i 

0.077 

0.152 

e 

0.050 TP 

2 


E 


0.300 



7.6 

H 


1.000 



25.4 

L 


0.350 




N 

J4 

3 


Q 

0.005 

0.050 

■ 

0.13 

1.27 

S 

0.000 

0.050 

■ 

0.00 

1.27 

Z 

0.300 

4 


7.62 

Zl 

0.400 

4 

j 10.16 | 


92SS-4300RI 


(K) Suffix 

JEDEC MO-004-AG 16- Lead 


SYMBOL 

INCHES 




B23I 

UEM 

eqsi 

A 

0.008 

0.100 


0.21 

2.54 

B 

0.015 

0.019 

1 

0.381 

0.482 

C 

0.003 

0.006 




e 

0.050 TP 



E 

0.200 

0,300 




H 

0.600 

1.000 




L 


BjEJB 



■ 

N 


m 


B 

m 

Q 

0.005 

0.050 


0.13 

rn 

S 

0.000 

0.025 


0.00 


Z 

0.300 

4 

7.62 

Zl 

0.400 

4 

10.16 


(K) Suffix 92CS-I727IRI 

28-Lead 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS ] 

B31ZI 

M33 

MIN. 

fnsa 

A 

0.075 

IBBI 

w 

1.91 

3.04 

B 


0.022 

mm 

0.458 

0.558 

C 

0.004 


n 

0.102 

0.177 

e 

0.050 TP 

mm 

1.27 TP 

E 


0.700 

mm 

15.24 

17.78 

H 

PEI 

BB21 


29.21 

34.29 

L 

Biy>Ll 

IP 

■ 

5.72 

8.25 

N 

28 

a 

28 

Q 

0.035 

0.070 

■§ 

0.89 ' 

1.77 

S 

0 


mat 

0 j 

1.53 

m 

0.700 

n 

17.78 

■EM 

0.750 

■1 

19.05 


92CS-20972 


(K) Suffix 
24- Lead 


SYMBOL 

INCHES 



M7JM 

M7iES?l 


MW 

ESEQB 

A 




1.91 

wm 

B 

ffTTTTl 


i 


KSS1 

C 

M»I«?»?1 

BE3 

i 

USEM 

KSEEI 

e 

0.050 TP 

2 

1.27 TP | 

E 


Bo»Mi 



B5BM 

H 

BIITil 

BE 1 




L 

bdehi 

B3E?51 



wrvim 

N 

24 

3 

24 1 

Q 





MWFi B 

S 

EE21 

Bma 

1 

wntEM 

BESOM 

■ ■ 


mm 

17.78 

BKM 


Ml 

19.05 


92CS-I9949 
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APPENDIX 


Dimensional Outlines (Cont’d) 

DUAL-IN-LINE PLASTIC AND FRIT-SEAL CERAMIC PACKAGES 




NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 13) 
for Axial Lead Product Outlines. 

1. When this device is supplied solder -dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013" (0.33 mm). 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
gauge plane with maximum material condition and unit installed. 

3. e A applies in zone L 2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6 . N-j is the quantity of allowable missing leads. 



C -| INDEX AREA 

Hi 1 / 1 2 3 


£3 bottom view 

Ld ted u U U U H 


TT 


li 


(E), (F) and (G) Suffixes 
JEDEC MO-001 -AB 
14- Lead 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS | 

■ t ;im 

dBGl 

dm 

mm'.m 

A 

0.155 

0.200 


3.94 

5.08 

Al 

0.020 

0.050 


0.51 

1.27 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.050 

0.065 


1.27 

1.65 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

0.745 

0.770 


18.93 

19.55 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

01 

0.100 TP 

2 

2.54 TP 

®A 

0.300 TP 

2,3 

7.62 TP 

L 

0.125 

0.150 


3,18 

3.81 

1-2 

0.000 

0.030 


0.000 

0.76 

a 

0o 

150 

4 

OP 

150 

N 

14 

5 

14 I 

Ni 


0 

6 


0 

Qi 

0.040 

0.075 


1.02 

1.90 

S 

0.065 

0.090 


1.66 

2.28 


92SS-4296R2 


(F) Suffix 

8-Lead Frit-Seal Ceramic 


SYMBOL 

[ INCHES 


MILLIMETERS | 

MIN. 

MAX 


MIN. 

MAX. 

A 

0 155 

0 200 


394 

506 

At 

0 020 

0 050 


0.506 

1 27 

B 

0014 

0 020 


-0.356 

0506 

B) 

0 050 

0 065 


1 27 

1.65 

C 

0006 

0012 

1 

0 203 

0 304 

D 

0 376 

0 396 


9 55 

10.05 

E 

0 315 

0 345 


8.00 

8 76 

El 

0 240 

0 260 


6 10 

660 

*1 

0 100 TP 

2 

2 54 TP 

e A 

0 300 TP 

2. 3 

7 62 TP 

L 

0 100 

0 150 


254 

381 

L ? 

0 000 

0 030 


0 000 

0 762 

a 

0° 

15° 

4 

0° 

15° 

N 


8 

5 


8 

*1 


0 

6 


0 

Q 1 

0 040 

0 075 


1 02 

1 90 

S 

0020 

0 060 


0508 

1 52 


92CM-20827 


NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 13) 

for Axial Lead Product Outlines. * 

1. When this device is supplied solder dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013" (0.33 mm). 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) 
at gauge plane with maximum material condition and unit 
installed. 

3. e A applies in zone L 2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N-j is the quantity of allowable missing leads. 


(E) and (F) Suffixes 
JEDEC MO-001-AC 
16-Lead 

(except types CD4026AF, CD4029AF, 
CD4031 AF # CD4033AF) 


SYMBOL 

[ INCHES 

NOTE 

MILLIMETERS 

MfTTITl 



IdEES 

A 

wmm 

0.200 


3.94 


Al 

0.020 

0.050 


0.51 

1.27 

B 

0.014 

0.020 


0.356 

0.508 

®1 

0.035 

0.065 


0.89 

1.65 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

0.745 

0.785 


18.93 

19.93 

E 

0.300 

0.325 


7.62 

8.25 

E 1 

0.240 

0.260 


6.10 

6.60 

e 1 

0.100 TP 

2 

2.54 TP 

e A 

0.300 TP 

2,3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

L 2 

0.000 

0.030 


0.000 

0.76 

a 

0° 

15° 

4 

0° 

15° 

N 

16 

5 

16 I 

N 1 


0 

6 


0 

Q 1 

0.040 



aa 

1.90 

S 

0.015 


1 

R9 

1.52 


92CM-I5967R3 


(E) and (G) Suffixes 
8-Lead Plastic (Mini-Dip) 


SYMBOL 

INCHES 1 

NOTE 

MILLIMETERS | 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.155 

0.200 


3.94 

5.08 

Al 

0.020 

0.050 


0.508 

1.27 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.035 

0.065 


0.889 

1.65 

C 

0.008 

0.012 

1 

0.203 

0.304 

D 

0.370 

0.400 


9.40 

10.16 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

e 1 

0.100 TP 

2 

2.54 TP 

eA 

0.300 TP 

2,3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

l 2 

0.000 

0.030 


0.000 

0.762 

a 

0° 

15° 

4 

0° 

15° 

N 

8 

5 


8 

Ni 


0 

6 


0 

Q 1 

0.040 

0.075 


1.02 

1.90 

S 

0.015 

0.060 


0.381 

1.52 


92CS- 24026 

(E) and (F) Suffixes 
JEDEC MO-001 -AG 
16-Lead 

(Types CD4026AF, CD4029AF, 
CD4031AF, CD4033AF) 


SYMBOL 

INCHES 


r MILLIMETERS 1 

MIN. 

MAX. 

NOTE 

MIN. 

MAX. 

A 

0.165 

0.210 


4.20 

5.33 

Ai 

0.015 

0.045 


0.381 

1.14 

B 

0.015 

0.020 


0.381 

0.508 

Bl 

0.045 

0.070 

7 

1.15 

1.77 

C 

0.009 

• 1 0.011 


0229 

0.279 

_ D 

0750 

0.795 


19.05 

20.19 

E 

0.295 

0.325 


7.50 

8.25 

El 

0.245 

0.300 


6.23 

7.62 

®1 

0.100 TP 

2 

2.54 TP 

®A 

0.300 TP 

2.3 

7.62 TP 

L 

0120 

0.160 


3.05 

4.06 

L2 

0.000 

0.030 


0.000 

0.76 

a 

29 

15® 

4 

29 

15° 

N 

16 

5 

1 

6 

Ni 


0 

6 


) 


0.050 

0.080 

■ 

mm 

2.03 


0.010 

0.060 



1.52 


NOTES 92CM-22284 

1. Refer to Rules for Dimensioning (JEDEC 
Publication No. 13) for Axial Lead Pro- 
duct Outlines. 

2. Leads within 0.005" <0.12 mm) radius 

of T rue Position (TP) at gauge plane with 
maximum material condition and unit 
installed. 

3. e£ applies in zone L 2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. Ni is the quantity of allowable missing leads. 

7. B<| applies to all leads except the four end 
leads which have one-half the normal width 
(B'l min. ■ 0.025 in.) 

This outline differs from the standard 16- 
Lead frit-seal ceramic package MO-001 -AC 
as indicated by the values in italics shown 
in the chart above. 
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APPENDIX 


Dimensional Outlines (Cont’d) 



DUAL-IN-LINE PLASTIC PACKAGES (E) Suffix 

JEDEC MO-015-AA 24-Lead 


NOTES: 

Refer to JEDEC Publication No. 13 for Rules for 
Dimensioning Axial Lead Product Outlines. 

1. When this device is supplied solder-dipped, the 
maximum lead thickness (narrow portion) will not 
exceed 0.013" (0.33 mm). 

2. When base of body is to be attached to heat sink, 
terminal lead standoffs are not required and Ai * 0. 
Wherv A-| = 0, the leads emerge from the body with 
the Bi dimension and reduce to the B dimension 
above the seating plane. 

3. e-| and eA apply in zone L2 when unit is installed. 
Leads within 0.005 " (0.127 mm) radius of True 
Position (TP) at gauge plane with maximum 
material condition. 

4. Applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. Ni is the quantity of allowable missing leads. 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.120 

0.250 


3.10 

6.30 

Ai 

0.020 

0.070 

2 

0.51 

1.77 

B 

0.0161 

0.020 


0.407 

0.508 

Bi 

0.028 

0.070 


0.72 

1.77 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

1.20 

1.29 


30.48 

32.76 

E 

0.600 

0.625 


15.24 

15.87 

El 

0.515 

0.580 


13.09 

14.73 

ei 

0.100 TP 

3 

2.54 TP 

®A 

0.600 TP 

3 

15.24 TP 

L 

0.100 

0.200 


2.54 

5.00 

L2 

0.000 

0.030 

3 

0.00 

0.76 

a 

0o 

150 

4 

0o 

150 

N 

24 

5 

24 

Ni 


3 

6 

0 


Q 1 

0.040 

0.075 


1.02 

1.90 

S 

0.040 

0.100 


1.02 



2.54 


92CS-26938 


DUAL-IN-LINE PLASTIC PACKAGES (Power Stud and Heat-Sink Types) 


(E) Suffix 

16- Lead “Power-Stud" Package 


MECHANICAL INDEX 



0.0400.02 
0.0750 90) 

j= 

L 

: . 1 


Dii 


DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 

* WHEN THIS DEVICE IS SUPPLIED SOLDER -DIPPED, 
THE MAXIMUM LEAD THICKNESS (NARROW PORTION) 
WILL NOT EXCEED 0 -013" (0 33 mm) 

**STU0 CENTERLINE I <L> COINCIDES WITH BODY 
CENTERLINE WITHIN ±0 015 


(QM) Suffix 

Modified 16-Lead with Integral Flat Wing-Tab Heat Sink 


(EM) Suffix 

Modified 16-Lead with Integral Heat Sink 




(Q) Suffix 

Modified 16-Lead with Integral Bent Down Wing-Tab Heat Sink 



0.260 


0.251 


INDEX 

POINTS 



-H 0.400b- 
TYP 

0.300 1 
TYR 

m 


kdioo TYP. 
-0.200 TYR 
U- 0.677 -H 

92CM-25044 
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APPENDIX 


Dimensional Outlines (Cont’d) 

DUAL-IN-LINE and QUAD-IN-LINE PLASTIC PACKAGES 
(Power Stud and Heat-Sink Types) 


(EM) Suffix 

16-Lead with Integral Strap Heat Sink 


(QM) Suffix 

16- Lead with Integral Strap Heat Sink 


H (18.93-19.93) •* BODY™/ 

'Pii n ii f S/ 1 ii n ii n ii n ii l l 1 0NLY / 

(6-IO-6. 60) 


0093-0-157 /♦ 
(2.36-3-99) 1 

! : 

T 1 1635) 

JL 

/ TERMINAL J* V U V WTTU 

/ L* — 0337-0.387 J^- 

/ | (13.64-14.91) 1 

INDEX AREA W 1123(28.58) »■ 

HEAT SINK 

^0 030- 0-036 


TO IDENTIFY l 

TERMINAL I PLASTIC BODY 



* WHEN THIS DEVICE IS SUPPLIED SOLDER -DIPPED, 

THE MAXIMUM LEAD THICKNESS (NARROW PORTION) wcm-29«4*hi 

WILL NOT EXCEED 0.0I3"(0 33 mm) 


L- 0-745-0785 PLASTIC 7 

f - (18.93-19.93) ■** BODY / 

.. UftnflnAn L “V 

plastic body 

C 240-0-260 
(6 10-6 60) 

i K ( ' ! ! 

0.093-0-157/ f 
(236-3 99)/ 1 


I C *'0-250 

T (635) 

Tterminal lj u u y u y u 

/ L — 0-537-0.587 J$- 

/ (13.64-14.91) ^ 

INDEX AREA h 1125(28.58) ^ 

HEAT SINK 

^0030-0-036 


TERMINAL I PLASTIC BODY 



THE MAXIMUM LEAD THICKNESS (NARROW PORTION) 
WILL NOT EXCEED 0OI3"(O 33 mm) 


92CW-2M7INI 


(W) Suffix 

16- Lead Staggered 


Recommended Mounting — Hole 
Dimensions and Spacing 


MECHANICAL 

INDEX 

\ 

INDEX 1 

L 745- 785 J 


(18.93-19.93) 

16 15 14 13 12 II 10 9 

flnflnrinfln 

> 

—f — 

.240- 260 
(.610-8601 

.. _L_ 

AREA 

I 1 


^"U u u u u u u 

I 2 3 4 S 6 T 8 




0 032 (0 81) DIA. 


0.00 

(2.54) -+> 
TYP. 

3 

/ 16 HOLES 

/ (IN CIRCUIT BOARD) 

rti /f\ /h 


(\ 

i tp <p 

\ A\ v4\ /k 

0.200 J 
(5.08) 

1 r 


7 

TOP 

L /4\ /K A 

VIEW 

k 

0100 v 

(2 54) 

L 

_rk /4y 

^ Ak 

~T~ 

V 

f W <P“ 


92CS-2MM 


NOTES: 

1. Body width is measured 0.040" (1.02 mm) from top surface. 

2. Seating plane defined as the junction of the angle with the 
narrow portion of the lead. 

3. When this device is supplied solder dipped, the maximum 

lead thickness (narrow portion) will not exceed 0.013" (0.33 mm) 

92CM-24937 

Dimensions in parentheses are millimeter 
equivalents of the basic inch dimensions. 
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APPENDIX 


Dimensional Outlines (Cont’d ) 

QUAD-IN-LINE PLASTIC PACKAGES 


(Q) Suffix 14-Lead 


.030 /!76\ R 

.020 Uir 

INDEX 

POINT, 


.770 f 1955^1 
".745 \I8 93/" 


14 13 12 

il n R. 


II 10 

XlII 


n_EL 


INDEX 
NUMERAL 
APPROX .062 (1.57) 




□ LI □ U u 


_L 


.260 /6.60V 
.240 V6 10 ) 

T 




92CS-I4872RI 


Recommended Mounting — Hole 
Dimensions and Spacing 



(Q) Suffix 16-Lead 


030 / 76 \ 
020l 51 )’ 


$ 


INDEX 

NUMERAL — 
APPROX 062(157) 


/IS 93 \ _ 

\ 1 8 93 / _ 


16 is 14 13 1 2 II 10 9 


ft- fi n n (1 n n n 


LT'U u □ tr-Q 


260/6 60 \ 
240 \ 6 10 / 




Recommended Mounting - Hole 
Dimensions and Spacing 



(Q) Suffix 20-Lead 


1 010 /25 65 \ 

i 

- 990 125 15 / * 

20 19 ie 1 7 16 15 14 13 12 II 

nflnflnlinrinll 


260/6 60 
. 240\ 6.10 

' j u Lj u L nJ G U Lj d 

_ f 



Recommended Mounting - Hole 
Dimensions and Spacing 
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APPENDIX 


Application Note Abstracts 


LINEAR INTEGRATED CIRCUITS 

ICAN-4072 8 pages 

Applications of the RCA-CA3048 Integrated- 
Circuit Amplifier Array 

The RCA-CA3048 integrated circuit, an array 
of four identical amplifiers, each with independ- 
ent inputs and outputs, all on a single mono- 
lithic silicon chip, has an operating and storage 
temperature range of -25°C to +85°C. Each 
amplifier in the low-noise array has a typical 
open-loop gain of 58 dB and input impedance 
of 90,000 ohms. The gain-frequency response, 
stability, output swing versus supply voltage, 
and noise of the device are discussed. Circuit 
applications include Hartley and Colpitts Oscil- 
lators, astable multivibrators, a 4-channel linear 
mixer, a driver for a 600-ohm balanced line, 
and a gain-controlled amplifier. 

ICAN-5015 15 pages 

Application of the RCA-CA3008 and CA3010 
Integrated-Circuit Operational Amplifiers 

This Note describes the circuit arrangement, 
lists the performance characteristics, explains 
the major design considerations, and discusses 
typical applications of the CA3008 and CA3010 
operational amplifiers. These amplifiers are sili- 
con monolithic integrated circuits designed to 
operate from two symmetrical low- or medium- 
level dc power supplies (at supply voltages in 
the range from ±3 volts to ±6 volts). The 
power dissipation in the amplifiers ranges from 
7.0 milliwatts to 92 milliwatts depending upon 
the supply-voltage level and the desired output- 
power level. The amplifiers are primarily in- 
tended to operate with externally applied nega- 
tive feedback; however, they may also be oper- 
ated successfully under open-loop conditions. 

IC AN-5 022 26 pages 

Application of the RCA-CA3004, CA3005, and 
CA3006 Integrated-Circuit RF Amplifiers 

The CA3004, CA3005, and CA3006 rf am- 
plifiers are discussed. These silicon-epitaxial 
monolithic integrated circuits are designed to 
operate from low or medium levels of dc supply 
voltage, over a range of ambient temperatures 
from -55°C to +125°C, and at frequencies 
from dc to 100 MHz. They may be used with 
external tuned-circuit, transformer, or resistive 
load impedances to provide wide- or narrow- 
band amplification, mixing, limiting, product 
detection, frequency generation, and generation 
of pulse or digital waveforms. The CA3004 
is particularly useful for applications in which 
the ability to handle large input signals is an 
important consideration. The CA3005 and 
CA3006 rf amplifiers are well suited for bal- 
anced-modulator, mixer, or other push-pull 
applications that require a well-balanced circuit. 

ICAN-5030 11 pages 

Application of the RCA-CA3000 Integrated- 
Circuit DC Amplifier 

This Note describes the RCA-CA3000 dc 
amplifier, a stabilized and compensated differen- 
tial amplifier that has push-pull outputs, high- 
impedance (0.1-megohm) inputs, and gain of 
approximately 30 dB at frequencies up to one 
MHz. Its useful frequency response can be in- 
creased to several tens of megahertz by the use 
of externakjesistors or coils. The CA3000 can 
be used as a signal switch (with pedestal), a 
squeichable audio amplifier (with suppressed 
switching transient), a modulator, a mixer or a 
product detector. When suitable external com- 
ponents are added, it can also be used as an 
oscillator, a one-shot multivibrator, or a trigger 
with controllable hysteresis. Within its specified 
frequency range, it is an excellent limiter, and 
can handle input signals up to about 80 milli- 
volts rms before significant cross-modulation or 
intermodulation products are generated. 


IC AN-5 036 . 9 pages 

Application of the RCA-CA3002 Integrated- 
Circuit IF Amplifier 

The RCA-CA3002 integrated-circuit if ampli- 
fier described in this Note is a balanced differen- 
tial amplifier that can be used with either a 
single-ended or a push-pull input and can pro- 
vide either a direct-coupled or a capacitance- 
coupled single-ended output. Its applications 
include RC-coupled if amplifiers that use the 
internal silicon output- coup ling capacitor, video 
amplifiers that use an external coupling capaci- 
tor, envelope detectors, product detectors, 
and various trigger circuits. It features all- 
monolithic silicon epitaxial construction de- 
signed for operation at ambient temperatures 
from —55 to 125°C, and contains a built-in 
temperature-compensating network for stabili- 
zation of gain and dc operating points over this 
operating- temperature range. 

IC AN-5 037 4 pages 

Application of the RCA-CA3007 Integrated- 
Circuit Audio Amplifier 

This Application Note describes the RCA- 
CA3007 audio driver, a balanced differential 
configuration with either a single-ended or a 
differential input and two push-pull emitter- 
follower outputs. The circuit features all-mono- 
lithic silicon epitaxial construction, and is 
intended for use as a direct-coupled driver in a 
class B audio amplifier which exhibits both 
gain and operating-point stability over the tem- 
perature range from -55 to 125°C. Because 
of its circuit configuration (a balanced differ- 
ential pair fed by a constant-current transistor), 
the CA3007 is an excellent con tr oiled-gain 
audio driver for systems requiring audio squelch- 
ing. This circuit is also usable as a servo driver. 

ICAN-5038 8 pages 

Application of the RCA-CA3001 Integrated- 
Circuit Video Amplifier 

The CA3001 silicon monolithic integrated 
circuit is designed for use in intermediate- 
frequency or video amplifiers at frequencies up 
to 20 MHz and in Schmitt- trigger applications. 
This integrated circuit can be gated, and gain 
control can be applied. The CA3001 incorpor- 
ates all-monolithic silicon epitaxial construction 
designed for operation at ambient temperatures 
from -55 to 125°C, balanced differential- 
amplifier configuration with low-impedance 
double-ended input, and a built-in temperature- 
compensating network for gain or dc operating- 
point stability over the temperature range from 
-55 to 125°C. 

ICAN-5213 6 pages 

Application of the RCA CA3015 and CA3016 
Integrated-Circuit Operational Amplifiers 

The integrated-circuit operational amplifiers 
CA3015 and CA3016 are identical in circuit 
configuration to the CA3008 and CA3010, but 
have an improved device breakdown voltage 
that permits operation from ± 12-volt supplies 
as well as from ±6 volt or ±3 volt supplies. 
This Note describes the operating characteristics 
of the CA3015 and CA3016 at ±12 volts, and 
discusses applications that take advantage of the 
higher gain-bandwidth product and increased 
output signal swing obtained at the higher 
voltages: a 50-dB amplifier; a 10-dB, 42-MHz 
amplifier; a twin-T bandpass amplifier; a 20-dB, 
10-MHz bandpass amplifier; and a voltage- 
follower. 

IC AN-5 269 7 pages 

Integrated Circuits for FM Broadcast Receivers 

This Note describes several approaches to 
FM receiver design using silicon monolithic 
integrated circuits. The tuner section is described 


first, and then the if-amplifier and detector 
sections. Performance characteristics are describ- 
ed where applicable. The FM receivers discussed 
are designed for use from a +9-volt supply. 
The key to design simplicity is the use of the 
RCA multifunction integrated circuits CA3005, 
CA3012, and CA3014. The CA3005 may be 
used as a cascode rf amplifier, a differential rf 
amplifier, a mixer-oscillator, and an if amplifier; 
the CA3012 and CA3014 perform if amplifica- 
tion, limiting, detection, and preamplification. 

ICAN-5296 5 pages 

Application of the RCA-CA3018 Integrated- 
Circuit T ransistor Array 

The CA3018 integrated circuit consists of 
four silicon epitaxial transistors produced by a 
monolithic process on a single chip mounted in 
a 12-lead TO- 5 package. The four active devices, 
two isolated transistors plus two transistors with 
an emitter-base common connection, are es- 
pecially suitable for applications in which 
closely matched device characteristics are re- 
quired, or in which a number of active devices 
must be interconnected with non-in te grab le 
components such as tuned circuits, large-value 
resistors, variable resistors, and microfarad by- 
pass capacitors. Such areas of application include 
if, rf (through 100 MHz), video, age, audio, and 
dc amplifiers. Because the CA3018 has the 
feature of device balance, it is useful in special 
applications of the differential amplifier, and 
can be used to advantage in circuits that require 
temperature compensation of base-to-emitter 
voltage. 

ICAN-5299 6 pages 

Application of the RCA-CA3019 Integrated- 
Circuit Diode Array 

The CA3019 integrated circuit diode array 
provides four diodes internally connected in a 
diode-quad arrangement plus two individual 
diodes. Its applications include gating, mixing, 
modulating, and detecting circuits. Because all 
the diodes are fabricated simultaneously on a 
single silicon chip, they have nearly identical 
characteristics, and their parameters track each 
other with temperature variations. Consequent- 
ly, the CA3019 is particularly useful in circuit 
configurations that require either a balanced 
diode bridge or identical diodes. 

ICAN-5337 10 pages 

Application of the RCA-CA3028A and CA- 
3028B Integrated-Circuit RD Amplifiers in the 
HF and VHF Ranges 

The CA3028A and CA3028B monolithic- 
silicon integrated circuits are single-stage dif- 
ferential amplifiers intended for service in 
communications systems operating at frequen- 
cies up to 1 00 MHz with single power supplies. 
This Note provides technical data and recom- 
mended circuits for use of the CA3028A and 
CA3028B in rf amplifiers, autodyne converters, 
if amplifiers, and limiters. The CA3028A and 
CA3028B are suitable for use in a wide range 
of applications in dc, audio, and pulse amplifier 
service; they have been used as sense amplifiers, 
preamplifiers for low-level transducers, and dc 
differential amplifiers. The CA3028B, which 
features tight control of operating current, in- 
put offset voltage, and input bias and offset 
current, is recommended for those applications 
in which balance and operating conditions are 
important. 

ICAN-5338 14 pages 

Application of the RCA-CA3021, CA3022, and 
CA3023 Integrated-Circuit, Wideband Amplifiers 

The CA3021, CA3022, and CA3023 inte- 
grated circuits are multipurpose high-gain am- 
plifiers designed for use in video and AM or FM 
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if stages in single-power-supply systems. Specifi- 
cally, they can be used in video amplifiers 
operating at frequencies through 30 MHz, AM 
and FM if amplifiers, and buffer amplifiers in 
which an isolation capability greater than 60 
dB at 1 MHz is desired. Typical power dissipa- 
tion with a 6-volt supply is 3 milliwatts for the 
CA3021, 12 milliwatts for the CA3022, and 
36 milliwatts for the CA3023. Wider band- 
widths can be achieved with the CA3023, 
intermediate bandwidths with the CA3022, and 
narrower bandwidths with the CA3021. 

ICAN-5380 7 pages 

Integrated - Circuit Frequency - Modulation if 
Amplifiers 

The discussion in this Note shows that the 
simplest approach i to the use of the CA 3 01 2 
and C A 3028 integrated circuits in FM if-ampli- 
fier strips is to replace each stage in present 
discrete-transistor if strips with a differential 
amplifier. This integrated-circuit approach re- 
quires a minimum of re-engineering because a 
cascade of individually tuned if stages is used. 
From a performance point of view, this ap- 
proach results in better AM rejection than that 
obtained with discrete circuits because of the 
inherent limiting achieved with the differential- 
amplifier configuration. 

IC AN-5 641 8 pages 

Application of RCA-CA3033 and CA3033A 
High-Performance Integrated-Circuit Operation- 
al Amplifiers 

The CA3033 and CA3033A high perform- 
ance operational amplifiers are capable of 
delivering power outputs in excess of 250 
milliwatts into a 500-ohm load resistance with 
harmonic distortion of less than 0.2 per cent 
and have a typical input impedance of one 
megohm with voltage gain of at least 90 dB. 
Offset voltage is less than 5 millivolts and off- 
set current is typically 9 nanoamperes. Input 
bias current is typically 100 nanoamperes. 
These features make these amplifiers especially 
suitable for systems in which an operational 
amplifier and power amplifier or driver were 
formerly required. Specific applications dis- 
cussed in this Note include astable multivibrator, 
linear staircase generator, comparator, mono- 
stable multivibrator, and the bistable multi- 
vibrator. 

ICAN-5766 8 pages 

Application of the RCA-CA3020 and CA3020A 
Integrated-Circuit Multipurpose Wideband 
Power Amplifiers 

The CA3020 and CA3020A integrated cir- 
cuits are multipurpose, multifunction power 
amplifiers designed for use as power-output 
amplifiers and driver stages in portable and 
fixed communications equipment and in ac 
servo-control systems. The flexibility of these 
circuits and the high-frequency capabilities of 
the circuit components make these types suit- 
able for a wide variety of applications such as 
broadband amplifiers, video amplifiers, and 
video line drivers. Voltage gains of 60 dB or 
more are available with a 3-dB bandwidth of 
8 MHz. Applications covered include audio, 
wideband, and driver amplifiers. 

ICAN-5831 5 pages 

Application of the RCA-CA3044 and CA3044VI 
Integrated Circuits in Automatic-Fine-Tuning 
Systems 

This Note describes the use of the CA3044 
and CA3044VI integrated circuits as automatic 
fine-tuning (AFT) system components and dis- 
cusses the advantages of integrated circuits in 
this application. The CA 3 044 VI is electrically 
identical to the C A3 044, but is supplied with 
formed leads for easier printed-circuit-board 
mounting. The construction and performance 
of a typical automatic-fine-tuning system for a 
color television system are examined. 


IC AN-5 841 4 pages 

Feedback-Type Volume-Control Circuits for 
RCA-CA3041 and CA3042 Integrated Circuits 

This Note describes feedback-type volume 
controlsfor use with RCA-CA3041 and CA3042 
integrated circuits in television receivers. In 
television sets using these integrated circuits, 
the volume control is often located remote 
from the amplifier. The long leads required in 
such a configuration sometimes pick up undesir- 
able signals* that, in turn, cause the system to 
exhibit hum and noise at low volume levels. 
The proposed feedback-type volume control 
reduces hum and noise pick-up by reducing the 
gain of the system rather than the signal level, 
and thus eliminates the cost of shielding the 
leads. 

ICAN-5977 ..11 pages 

Principal Features and Applications of the 
RCA-CA3040 Integrated-Circuit Wideband Am- 
plifier 

This Note describes the operation of the 
CA3040, its electrical characteristics and ratings, 
and its primary application as a wideband am- 
plifier. The CA3040 is a monolithic integrated 
circuit designed for use in wideband video and 
intermediate-frequency amplifier applications to 
frequencies as high as 100 MHz. The device, 
offered in a 12-pin TO-5 package, features a 
balanced differential voltage gain of 37 dB with 
less than 1 dB of imbalance and provides a 
typical 3-dB bandwidth of 55 MHz. Useful 
voltage gain is well beyond the 3-dB frequency 
roll-off point which, in some applications, ex- 
tends to frequencies up to 200 MHz. Additional 
features of the CA3040 include temperature 
compensation for gain and voltage over the 
— 55 to 125°C temperature range, a choice of 
zero or 180-degree phase shift from input to 
output terminals, and high input and low out- 
put impedance characteristics over a broad 
bandwidth. 

ICAN-6022 4 pages 

An IC for AM Radio Applications 

The RCA-CA3088E is designed for use in 
high-quality AM superheterodyne receivers. It 
provides the basic functions of signal conver- 
sion, if amplification, detection, and audio pre- 
amplification sufficient to drive a separate 
power amplifier. Auxiliary functions supplied 
are: a supply-voltage regulator, internal age for 
the first if amplifier, age voltage for an optional 
external rf stage, and an amplified signal to 
drive a tuning-meter output. While the circuit 
design is intended for use in commercial AM 
broadcast receivers, it is equally suited for use 
in most AM receiver applications up to a fre- 
quency of 30 MHz. In addition, since most 
functions are externally accessible, this device 
is also a general-purpose amplifier array. 

ICAN-6048 12 pages 

Some Applications of A Programmable Power 
Switch/Amplifier 

The CA3094 monolithic programmable pow- 
er switch/amplifier IC consists of a high-gain 
preamplifier driving a power-output amplifier 
stage. It can deliver average power of 3 watts 
to an external load, and can be operated from 
either a single or dual power supply. This Note 
briefly describes the characteristics of the 
CA3094 and illustrates its use in class A instru- 
mentations and power amplifiers, a class A 
driver-amplifier for complementary power tran- 
sistors, wide-frequency-range power multivibra- 
tors, current- or voltage-controlled oscillators, 
comparators (threshold detectors), voltage re- 
gulators, analog timers (long time delays), alarm 
systems, motor-speed controllers, thyristor-firing 
circuits, battery-charger regulator circuits, and 
ground-fault-interrupter circuits. 


ICAN-6080 6 pages 

Digital-to-Analog Conversion Using the RCA- 
CD4007A COS/MOS IC 

COS/MOS integrated circuits have demon- 
strated outstanding performance in a wide 
variety of digital applications. Simplified cir- 
cuitry, design flexibility, low power consump- 
tion, moderate speed, and the high noise im- 
munity of these devices can complement the 
high transconductance of bipolar IC’s in an 
extension to linear signal processing applications. 
This Note demonstrates the use of the CD4007A 
COS/MOS dual complementary pair plus in- 
verter as the digital- to-analog (D/A) switch; the 
op-amp output stage for a digital-to-analog 
converter (DAC) uses COS/MOS and bipolar 
transistor-array ICs. 


ICAN-6157 10 pages 

Applications of the CA3085-Series Monolithic 
IC Voltage Regulators 

This Note describes the basic circuit of the 
CA3 085-series devices and some typical applica- 
tions that include a high-current regulator, con- 
stant-current regulators, a switching regulator, 
a negative-voltage regulator, a dual-tracking 
regulator, high-voltage regulators, and various 
methods of providing current limiting. A circuit 
in which the CA3085 is used as a general-pur- 
pose amplifier is also shown. The RCA-CA3085, 
CA3085A, and CA3085B monolithic ICs are 
positive-voltage regulators capable of providing 
output currents up to 100 milliamperes over 
the temperature range from — 55° to +125°C. 


ICAN-6182 28 pages 

Features and Applications of RCA Integrated- 
Circuit Zero-Voltage Switches (CA3Q58, CA- 
3059, and CA3079) 

CA3058, CA3059 and CA3079 zero-voltage 
switches are monolithic integrated circuits de- 
signed primarily for use as trigger circuits for 
thyristors in many highly diverse ac power- 
control and power-switching applications. These 
integrated-circuit switches operate from an ac 
input voltage of 24, 120, 208 to 230, or 277 
volts at 50, 60, or 400 Hz. Zero-voltage 
switches (ZVS) trigger the thyristors at zero- 
voltage points in the supply-voltage cycle. Con- 
sequently, transient load-current surges and 
radio-frequency interference (RFI) are substan- 
tially reduced. In addition, use of the zero- 
voltage switches reduces the rate of change of 
on-state current (di/dt) in the thyristor being 
triggered, an important consideration in the 
operation of thyristors. These circuits have 
been used to provide transient-free temperature 
control in self-cleaning ovens, to control gun- 
muzzle temperature in low-temperature environ- 
ments, to provide sequential switching of heat- 
ing elements in warm-air furnaces, to switch 
traffic signal lights at street intersections, and 
to effect other widely different ac power- 
control functions. 


ICAN-6222 9 pages 

Designing With an IC Transistor Array Con- 
taining Matched Super-Beta Transistors 

The super-beta transistor array, CA3095, is 
discussed in terms of operation and typical 
applications. Super-beta transistors are similar 
to conventional bipolar transistors except that 
they have betas in the range of 1000 to 5000; 
the beta range of a conventional bipolar trans- 
istor ranges from 50 to 400. These applications 
include a high-input-resistance low-noise am- 
plifier, a low-noise amplifier, a long-delay mono- 
stable multivibrator, a low-input-bias current 
comparator, an analog timer for long delay, 
various preamplifier applications, and a high- 
input-impedance dc-voltmeter circuit. 
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IC AN-625 9 9 pages 

Application of the CA3126Q Chroma-Processing 
IC Using Sample-and-Hold Circuit Techniques 

This Note describes the CA3126Q mono- 
lithic integrated circuit intended for use in 
processing the chrominance signal in a color 
television receiver. In performing the functions 
of color subcarrier regeneration and chroma 
control, emphasis has been placed on utilizing 
all the information available in the signal so as 
to approach ultimate system performance capa- 
bility while at the same time substantially re- 
ducing the number of external components and 
adjustments. As contrasted with prior state-of- 
the-art IC designs, sample-and-hold techniques 
are used in the phase detectors for the AFPC 
and the ACC-killer loops of the CA3162Q. The 
improved signal-to-dc unbalance attained there- 
by makes it possible to eliminate the adjust- 
ments conventionally used in those circuits. 
The only set-up adjustment is a trimmer capa- 
citator to tune the crystal filter. 

ICAN-6257 9 pages 

Application of the CA3089E FM-IF Subsystem 

The CA3089E is an FM-IF subsystem in- 
tended for use in FM receiver applications. In 
addition to the amplifier-limiter and quadrature 
detector sections, the CA3089E provides such 
auxiliary functions as mute, AFC output, tuning- 
meter output, and delayed rf-AGC. This Note 
briefly describes each circuit section and dis- 
cusses practical aspects of designing with this 
device. 

ICAN-6289 10 pages 

Integrated-Circuit Stereo Decoder Using the 
CA3090AQ Stereo Multiplex Demodulator 

The CA3090AQ integrated-circuit provides 
features heretofore unavailable to the receiver 
designer. This device needs only a single tuning 
adjustment, which reduces to a minimum the 
manual effort during assembly; the phase-locked 
loop maintains performance under conditions 
of temperature variations, humidity, and aging. 
The compactness of the CA3090AQ and of the 
required external components, added to the 
other attributes, makes this stereo decoder a 
significant advancement in the state of the art 
of stereo decoder designs. 

ICAN-6294 11 pages 

Features and Applications of RCA-CD2500E- 
Series MSI BCD-to-7-Segment Decoder-Drivers 

The BCD-to-7-segment decoder-drivers, types 
CD2500E, CD2501E, CD2502E, and CD2503E, 
are medium-scale-integration (MSI) monolithic 
circuits designed to accept four inputs in BCD 
8-4-2-1 code and provide decoded outputs that 
represent a decimal number from 0 to 9 on a 
7-segment incandescent display device. The 
operating temperature range is from 0°C to 
+75°C. The CD2500E and CD2501E are 30- 
milliampere-per-line drivers intended for use 
with 7-segment incandescent display devices. The 
CD2502E and CD2503E are 80-milliampere- 
per-line drivers intended for use with high- 
current lamps and relays and may also be used 
for multiplex operation of RCA Numitrons. 
The CD2500E and CD2502E include a decimal- 
point driver, and the CD2501E and CD2503E 
have a special terminal that may be used for 
ripple blanking and/or intensity control. Appli- 
cations discussed include a floating-decimal- 
point circuit and a typical multiplexing system. 

ICAN-6302 9 pages 

Description and Application of the RCA- 
CA3120E Integrated-Circuit TV-Signal Processor 

The CA3120E is a 16-pin, dual-in-line- 
monolithic-silicon integrated circuit that pro- 
cesses a video signal and provides the following 
outputs: non-inverted video output; noise- 
processed, inverted video output; dual-polarity, 
composite synchronization signals; and auto- 
matic gain-control signals (age). The IC, which 


can be used in color or monochrome TV 
receivers, requires a single-polarity power supply 
(positive) and includes impulse noise inversion 
and delay circuits that reduce the deleterious 
effects of impulse noise in the receiver age and 
synchronization (sync) circuits. Standard age 
strobing techniques are also used. The age and 
impulse-noise thresholds are automatically set 
and require no controls. The if maximum-gain 
bias and the tuner age delay may be adjusted 
for optimum TV-receiver performance; the 
time constant for the sync-separator input can 
also be optimized by the set designer. 

ICAN-6303 17 pages 

A Single IC for the Complete PIX-IF-System 
in TV Receivers 

The CA3068 linear integrated circuit is a 
PIX-IF-subsystem in a shielded, quad-formed, 
dual-in-line, 20-lead, plastic package. This pack- 
age contains all the active devices and most of 
the passive elements necessary for a high per- 
formance, PIX-if-system for a TV receiver. This 
Note describes the receiver functions performed 
by the CA3068 and its application to color and 
monochrome TV receivers. A detailed descrip- 
tion of circuit functions within the integrated 
circuit is given together with examples of the 
use of the CA3068 in PIX-IF amplifier PC- 
boards for color and monochrome TV. 

IC AN-65 38 6 pages 

Applications of the RCA-CA3062 IC Photo- 
Detector and Power Amplifier in Switching 
Circuits 

The CA3062 is a monolithic silicon inte- 
grated circuit consisting of a photosensitive 
detector and a switching amplifier with a pair 
of high-current output transistors. This Note 
describes how the CA3062 with only 3 resistors 
outboarded can provide a light-activated switch 
that will drive a variety of practical loads such 
as solenoids, relays, triacs, SCR’s, etc. “Normally 
ON” and “Normally OFF” outputs are available 
simultaneously. 

IC AN-6668 16 pages 

Applications of the CA3080 and CA3080A 
High-Performance Operational Transconduct- 
ance Amplifiers 

The CA3080 and CA3080A operational 
amplifiers not only include the usual differen- 
tial input terminals, but also an additional con- 
trol terminal than enhances the device’s flexibil- 
ity. The amplifier incorporated in these devices 
is referred to as an Operational Transconduct- 
ance Amplifier (OTA), because its output signal 
is best described in terms of the output-current 
that it can supply. The amplifier’s output- 
current is proportional to the voltage difference 
at its differential input terminals. This Note 
describes the operation of the OTA and features 
various circuits using the OTA; for example, 
communications and industrial applications in- 
cluding modulators, multiplexers, sample-and- 
hold-circuits, gain control circuits and micro- 
power comparators. In addition, circuits have 
been included to show the operation of the 
OTA in conjunction with COS/MOS devices as 
post-amplifiers. 

ICAN-6724 8 pages 

A Flexible Integrated-Circuit Color Demodu- 
lator for Color Television 

This Note describes the circuit operation 
and application of the CA3067 in a color tele- 
vision receiver. The CA3067, which is supplied 
in a quad-in-line 16-lead plastic package, pro- 
vides the following color-demodulator circuit 
functions: amplification, balanced chroma de- 
modulation, dc-operated tint (phase) control, 
and zener-diode voltage regulation. 


ICAN-6732 8 pages 

Measurement of Burst ("Popcorn") Noise in 
Linear Integrated Circuits 

Burst or “popcorn” noise in LIC’s exhibits 
itself as a random, abrupt change in the output 
voltage, the duration of which can last from 
1/2 millisecond to several seconds. These noise 
voltages are not regular in their occurrence and 
can often be absent when measuring spot fre- 
quency noise. Thus it was necessary to evolve 
an entirely different measurement system to 
ensure the selection of a very-high-gain device 
that is free from “popcorn” noise. This Note 
discusses test configuration and conditions, 
pass-fail criteria, burst-noise test system circuits, 
and spurious noise sources and their suppression. 
MOS FIELD-EFFECT DEVICES 

AN-3193 9 pages 

Application Considerations for the RCA-3N128 
VHF MOS Field- Effect Transistor 

This Note describes applications and vhf 
circuit considerations for a high-frequency n- 
channel MOS field-effect transistor, the RCA 
3N128. Biasing requirements and basic circuit 
configurations are discussed, and selection of 
the optimum operating point and methods of 
automatic gain control are explained. The cross- 
modulation and intermodulation distortion 
characteristics of the 3N128 MOS transistor are 
compared to those of bipolar transistors, and 
procedures are given for the design of a practical 
vhf amplifier that uses the 3N128. 

AN- 3 341 3 pages 

VHF Mixer Design Using the RCA-3N128 MOS 
Transistor 

The 3N128 is a vhf MOS field-effect tran- 
sistor suitable for use throughout the vhf band 
(30 to 300 MHz) as an amplifier, mixer, or 
oscillator. This Note discusses some of the de- 
sign criteria pertinent to the construction of 
MOS mixers, and presents an example of a 
complete vhf MOS converter. 

AN- 345 2 7 pages 

Chopper Circuits Using RCA MOS Field-Effect 
Transistors 

Although electromechanical relays have long 
been used to convert low-level dc signals into 
ac signals or for multiplex purposes, relays are 
seriously limited with respect to life, speed, 
and size. Conventional (bipolar) transistors 
overcome the inherent limitations of relays, 
but introduce new problems of offset voltage 
and leakage currents. This Note describes the 
use of MOS field-effect transistors in solid- 
state chopper and multiplex designs that have 
the long life, fast speed, and small size of 
bipolar- transistor choppers, but that eliminate 
their inherent offset-voltage and leakage-current 
problems. 

AN- 345 3 6 pages 

An FM Tuner Using an RCA-40468 MOS- 
Transistor RF Amplifier 

This Note describes an FM tuner that in- 
corporates an MOS Field-effect transistor as the 
rf amplifier, and shows how the MOS transistor 
is instrumental in minimizing the spurious 
responses normally found in FM receivers. 

AN-3535 6 pages 

An FM Tuner Using Single-Gate MOS Field- 
Effect Transistors as RF Amplifier and Mixer 

Selection of the transistors for use in FM- 
tuner stages involves consideration of such 
device characteristics as spurious response, dy- 
namic range, noise immunity, gain, and feed- 
through capacitance. MOS fieldeffect transistors 
are especially suitable for use in FM rf-amplifier 
and mixer stages because of their inherent 
superiority for spurious-response rejection and 
signal-handling capability. This Note describes 
an FM tuner that uses an RCA-40468 MOS 
transistor as the rf amplifier and an RCA-40559 
MOS transistor as the mixer. A conversion gain 
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of 17.5 dB was obtained to provide an over-all 
tuner gain of approximately 30 dB. RF and 
mixer circuit considerations pertinent to the 
design are discussed. 

AN-4018 5 pages 

Design of Gate-Protected MOS Field-Effect 
Transistors 

MOS (metal-oxide-semiconductor) Field- 
effect transistors are in demand for rf-amplifier 
applications because their transfer characteris- 
tics make possible significantly better perfor- 
mance than that experienced with other solid- 
state devices. Unless equipped with gate protec- 
tion, however, MOS transistors require care- 
ful handling to prevent static discharges from 
rupturing the dielectric material that separates 
the gate from the channel. This Note describes 
the design of dual-gate MOS field-effect tran- 
sistors that use a built-in signal-limiting diode 
structure to provide an effective short circuit 
to static discharge and limit high potential 
buildup across the gate insulation. 

AN-4125 7 pages 

MOS/FET Biasing Techniques 

Field-effect transistors are applied in rf 
amplifiers and mixers, if and audio amplifiers, 
electrometer and memory circuits, attenuators, 
and switching circuits. The dual-gate MOS/FET 
appears to be particularly useful in rf stages 
because of low feedback capacitance, high 
transconductance, and superior cross modula- 
tion with automatic-gain-control capability. The 
rules for biasing FETs vary slightly depending 
on type. However, most possibilities are cover- 
ed in this Note through examination of the 
biasing of a single-gate, a junction-gate, and a 
dual-gate transistor. Substrate biasing and bias- 
ing to compensate for temperature variations 
are also discussed. 

AN-4431 7 pages 

RF Applications of the Dual-Gate MOS/FET 
up to 500 MHz 

The RCA dual-gate protected, metal-oxide 
silicon, field-effect transistor (MOS/FET) is 
especially useful for high-frequency applications 
in rf amplifier circuits. The dual-gate feature 
permits the design of simple age circuitry re- 
quiring very low power. The integrated diodes 
protect the gates against damage due to static 
discharge that may develop during handling 
and usage. This Note describes the use of the 
RCA-3N200 dual-gate MOS/FET in RF applica- 
tions. The 3N200 has good power gain and a 
low noise factor at frequencies up to 500 MHz, 
offers especially good cross-modulation perfor- 
mance, and has a wide dynamic range; its low- 
feedback capacitance provides stable perfor- 
mance without neutralization. 

AN-4590 16 pages 

Using MOS/FET Integrated Circuits in Linear 
Circuit Applications 

A brief review of MOS/FET IC device 
theory is given, and some linear circuit applica- 
tions are surveyed. Theory discussed includes 
gate protection and electrical requirements. 
Applications include choppers, attenuators, 
constant-current sources, general-purpose ampli- 
fier circuits, and rf amplifiers, oscillators, and 
mixers. 

COS/MOS DIGITAL INTEGRATED CIRCUITS 

ICAN-6000 6 pages 

Handling and Operating Considerations for 
MOS Integrated Circuits 

Manual and automated methods for hand- 
ling, mounting, and storing unmounted chips 
and packaged devices and for handling and 
storing devices mounted on boards are dis- 
cussed. Operating voltage conditions, inter- 
facing, protection circuits, and electrical failure 
modes to be avoided are also presented. 


ICAN-6080 6 pages 

Digital-to-Analog Conversion Using the RCA- 
CD-4007A COS/MOS IC 

The use of the RCA-CD4007A COS/MOS 
dual complementary pair plus inverter as a 
digital-to-analog (D/A) switch is demonstrated. 
The op-amp output stage for the digital-to- 
analog converter (DAC) uses COS/MOS and 
bipolar transistor-array IC’s. Resistance networks 
for DACs, the design of a voltage-follower 
amplifier for single supply operation, and a 
9-bit COS/MOS DAC are described. 

ICAN-6086 12 pages 

Timekeeping Advances Through COS/MOS 
Technology 

Most COS/MOS timing circuits consist of an 
oscillator, some digital processing logic, and 
logic-circuit drivers. This Note discusses oscil- 
lator design (including crystal characteristics 
and feedback circuit and oscillator-amplifier 
configurations), practical COS/MOS oscillator 
circuits, frequency dividers, and COS/MOS 
timing-circuit applications in wristwatches, wall 
clocks, and automobile clocks. 

ICAN-6101 . 8 pages 

The RCA COS/MOS Phase- Locked- Loop — A 
Versatile Building Block for Micro-Power Digital 
and Analog Applications 

The phase-locked-loop described in this Note 
is the COS/MOS CD4046 A, which consumes only 
600 microwatts of power at 10 kHz, a power 
consumption 160 times less than the 100 milli- 
watts required by similar monolithic bipolar 
PLL’s. The Note discusses the fundamentals of 
phase-locked-loops and presents a detailed tech- 
nical description of the COS/MOS PEL as well as 
its application in FM demodulators, frequency 
synthesizers, split-phase data synchronization 
and decoding, and phase-locked-loop lock de- 
tection. 

ICAN-6166 16 pages 

COS/MOS MSI Counter and Register Design 
and Applications 

Logic and schematic diagrams for counter 
and register types CD4006A, CD4014A, 

CD4015A, CD4018A, CD4020A, CD4021A, 
CD4022A, and CD4024A are presented; cir- 
cuit designs are outlined and device-design 
trade-offs are discussed. Performance criteria 
are summarized and applications by type are 
outlined by means of logic or subsystems dia- 
grams and waveforms photographs. 

ICAN-6176 8 pages 

Noise Immunity of COS/MOS Integrated-Circuit 
Logic Gates 

The types of noise usually encountered in a 
logic system are discussed and the noise im- 
munity of a COS/MOS integrated-circuit logic- 
gate test circuit in relation to system variables 
is evaluated. The evaluation is performed on a 
circuit that includes a CD4000A dual 3-input 
gate plus inverter and a CD4001A quad 2-input 
gate connected in cascade to drive a CD4013A 
flip-flop. Measurement of the voltage required 
at various gate leads to switch the flip-flop 
defines the noise immunity threshold of the 
gate circuits. 

ICAN-6210 11 pages 

A Typical Data-Gathering and Processing Sys- 
tem Using CD4000A-Series COS/MOS Parts 

This Note is developed in terms of a typical 
system for process controls. The flexibility of 
system design and common data-bus architec- 
ture made possible by the three-state outputs 
and bidirectional input/outputs incorporated in 
many COS/MOS circuits are stressed, as is the 
ease of system design for data handling in 
increments of 4 bits made possible by the 
CD4000A family. The implementation of the 
system is shown in terms of the COS/MOS stand- 
ard parts that can be used to perform the 


desired system functions. Attention is focused 
on the multiplicity of applications and the 
scope of information processing that can be 
covered by standard parts. 

ICAN-6218 2 pages 

Gate Oxide Protection Circuit in RCA COS/ 
MOS Digital Integrated Circuits 

A protection circuit developed by RCA to 
reduce the problem of gate-oxide failure in 
COS/MOS integrated circuits is presented. The 
circuit has been shown to be effective in mini- 
mizing occurrences of gate-oxide failure and, 
when used in conjunction with the handling 
guidance contained in ICAN-6000, “Handling 
Considerations for MOS Integrated Circuits,” 
in eliminating the problem entirely. 

ICAN-6224 2 pages 

Radiation Resistance of the COS/MOS CD4000A 
Series 

Two types of radiation resistance, perman- 
ent and temporary, are discussed, and the 
radiation resistance of CD4000 and CD4000A 
series devices are compared. The use of shielding 
to increase resistance is examined. 

IC AN-62 30 13 pages 

Using the CD4047A in COS/MOS Timing Ap- 
plications 

This Note compares the theoretical and 
actual performance of oscillator circuits with 
that of the CD4047A. The device functions as 
either an oscillator or one-shot and meets the 
power dissipation, stability, and speed require- 
ments of most COS/MOS systems. Applications 
discussed include a noise discriminator, a fre- 
quency discriminator, a low-pass filter, a band- 
pass filter, an envelope detector and a pulse 
generator. Four appendixes amplify test mater- 
ial. 

ICAN-6267 8 pages 

Astable and Monostable Oscillators Using RCA 
COS/MOS Digital Integrated Circuits 

This Note describes several techniques that 
may be used to compensate for the normal 
threshold variation of MOS devices in the 
design of stable multivibrator circuits for opera- 
tion at frequencies up to 1 MHz. The circuits 
shown can be formed by use of COS/MOS 
inverters and NAND or NOR gates connected 
in an inverter configuration. The Note also 
describes various applications for COS/MOS 
multivibrator circuits (e.g.: voltage-controlled 
oscillators, voltage-controlled pulse-width cir- 
cuits, phase-locked voltage-controlled oscillators, 
frequency multipliers, and modulator/demodu- 
lators (envelope detectors). Specific data relate 
to use of “A” series gates. 

ICAN-6289 12 pages 

A COS/MOS PCM Telemetry and Remote Data 
Acquisition Design 

Descriptive background material on tele- 
metry systems is given along with systems for 
both immediate and remote data conversion 
and transmission. Parts from the CD4000 family 
are used to show how various sections of the 
system may be realized, in the general case. The 
exact configuration of any specific system will, 
of course, depend on the unique requirements 
of the application. 

ICAN-6304 5 pages 

Power Supplies for COS/MOS 

Examples of various COS/MOS power-supply 
circuits and their relative costs are given along 
with factors important in their design. Design 
examples include low-frequency systems, mixed 
systems of 2-MHz and 50-kHz circuits, a COS/ 
MOS system powered by a 5-volt TTL supply, 
and battery-powered systems. Design considera- 
tions discussed include operating frequency, 
noise immunity, power dissipation, and regu- 
lation. 


731 



APPENDIX 


Application Note Abstracts (Cont’d) 


IC AN-63 15 7 pages 

COS/MOS Interfacing Simplified 

Examples of practical circuits for a wide 
variety of interfacing situations are given in this 
Note; design constraints are included in each 
case. Interfaces discussed are COS/MOS to: 
TTL, HNIL, DTL, 10k ECL, NMOS, PMOS, 
industrial power-control circuits, op-amps, and 
LCD, LED, and gas-discharge displays. 

ICAN-6346 6 pages 

Application of the RCA-CD4093B COS/MOS 
Schmitt Trigger 

This Note describes the characteristics and 
some typical applications of the CD4093B 
COS/MOS quad two-input NAND Schmitt Trig- 
ger. The CD4093B may be used in all applica- 
tions in which the logical NAND function is 
required and, in addition, in a whole range of 
timing, waveshaping, and interfacing applica- 
tions in which Schmitt Trigger action on the 
inputs is used. 

ICAN-6362 10 pages 

Using the CD4520B to Design Dividers with 
Symmetrical Outputs 

The general-purpose COS/MOS dual up- 
counter, the CD4520B, a counter that may be 
used in various counting and dividing applica- 
tions is discussed. Dividers of the form N=2*'± 1 
and N=2* + 1 and described. Applications of 
symmetrical dividers are also discussed. 

ICAN-6374 8 pages 

The COS/MOS CD4059A Programmable Divide- 
by-N Counter in FM and Citizens-Band-Trans- 
ceiver Tuners 

The frequency synthesis capability of the 
CD4059A programmable divide-by-N counter 
is demonstrated in applications in an FM 
digital tuner and in the digital tuner for a 
citizens-band tranceiver., The digital approach 
described in the paper allows desired frequen- 
cies to be selected by depressing numbered 
buttons on a keyboard. By using the appro- 
priate basic circuitry along with a phase-locked- 
loop circuit, the local oscillator of the receiver 
is adjusted and locked to the proper frequency, 
thus assuring proper station selection. Alternate 
methods of station selection that enhance the 
flexibility of the system are described. 

ICAN-6498 6 pages 

Design of Fixed and Programmable Counters 
Using the RCA CD4018A COS/MOS Presettable 
Divide-by-N Counter 

The use of the CD4018A single- decade and 
multidecade fixed and programmable divide-by- 
N counters are described. System considerations 
such as switch simplifications, components 
minimization, and speed are also discussed. 

ICAN-6576 6 pages 

Power -Supply Considerations for COS/MOS 
Devices 

This Note describes those features of COS/ 
MOS devices that permit them to operate from 
a wide range of power sources. The Note also 
provides the system designer with the informa- 
tion he needs to design an economical power 
supply for his COS/MOS system, Features dis- 
cussed are quiescent device dissipation, switching 
characteristics, and ac dissipation and perfor- 
mance characteristics. The calculation of system 
power, regulation and filtering requirements, 
and high-dc sources are also discussed along 
with a battery standby system. 

ICAN-6600 6 pages 

Arithmetic Arrays Using Standard COS/MOS 
Building Blocks 

The design of a COS/MOS arithmetic unit 
capable of adding, subtracting, multiplying, and 
dividing is described. The device is also able 


to perform the logical functions of OR, AND 
and the Exclusive OR of two 4-bit words. 
Three 4-bit registers are provided that permit 
either of two words to perform a desired opera- 
tion with a third word. The system is configured 
with standard, commercially available COS/ 
MOS devices, which include registers, AND-OR 
select gates, a full adder, and NOR and NAND 
gates. 

ICAN-6601 12 pages 

Transmission and Multiplexing of Analog or 
Digital Signals Utilizing the CD4016A Quad 
Bilateral Switch * 

The CD4016A quad bilateral switch is the 
ideal semiconductor switch for use in switching 
applications; it can be used for the transmission 
of analog or digital signals with low distortion. 
The Note discusses features of the device; opera- 
tion of the COS/MOS switch; switch and logic 
applications, including switch and logic func- 
tions; multiplexing/demultiplexing; digital con- 
trol of signal gain, frequency, and impedance, 
including resistor networks, and variable fre- 
quency control; digital-to-analog conversion, in- 
cluding weighted resistor networks for the D/A 
converter, and an R-2R resistor ladder D/A 
converter; sample-and-hold applications; and 
squelch control (level detection). 

ICAN-6602 12 pages 

Interfacing COS/MOS with Other Logic Families 

The RCA CD4000A COS/MOS series circuits 
operate from power-supplies of 3 to 15 volts. 
Thus, they can drive and be driven by a num- 
ber of logic families, including all DTL and TTL 
families, within certain conditions and limita- 
tions. This Note describes the conditions of 
interface. 

ICAN-6716 15 pages 

Low-Power Digital Frequency Synthesizers Uti- 
lizing COS/MOS IC's 

A digital frequency synthesizer that employs 
a digital phase-locked loop and other COS/MOS 
circuits is described. Following a reveiw of 
phase-locked-loop fundamentals, the use of 
COS/MOS devices in FM receiver systhesizers 
is discussed. 

ICAN-6733 16 pages 

Battery-Powered Digital-Display Clock/Timer 
and Metering Applications Utilizing the RCA 
CD4026A and CD4033A Decode Counters — 
7 Segment Output Types 

This Note describes the CD4033A and 
CD4026A and their use with various 7-segment 
display units presently available. Interface 
packages and methods are discussed to help the 
the designer select the best system to meet his 
demands. Also included are battery-operated 
systems for digital clocks and watches. 

ICAN-6739 12 pages 

COS/MOS Rate Multipliers — Versatile Circuits 
for Synthesizing Digital Functions 

COS/MOS rate multipliers, the CD4527B 
and CD4089B, can be used as building blocks 
to generate a range of digital functions in 
low-power systems where minimum package 
count is desirable. The circuits may be em- 
ployed in numerical control, instrumentation, 
digital filtering, and frequency synthesis. When 
used with an up/down counter and control 
logic, they can be used to perform such opera- 
tions as multiplication, addition, subtraction, 
generation of algebraic equations and differen- 
tial equations, integration, and to raise num- 
bers to various powers. Symmetric rate multi- 
plication, the problem of eliminating round-off 
error in a direct frequency-synthesis application 
in a common- carrier multiplex system is also 
covered. 


MEMORY INTEGRATED CIRCUITS 

IC AN-64 01 5 pages 

Applications Information for the RCA MW- 
7001 ID RAM 

The RCA MW 7001 ID, a 1024-word by 
1-bit n-channel random-access memory uses an 
internal charge-pump refresh mechanism to 
automatically refresh all memory cells. The 
charge-pump mechanism eliminates the need 
for the periodic refresh cycles normally required 
in dynamic access memories. It also allows the 
MW 7001 ID to operate as a static memory 
while retaining the low power dissipation and 
high speed characteristics of dynamic memories. 
The MW 7001 ID requires TTL logic levels at all 
inputs except chip select. The latching circuitry 
in the input address lines allows address input 
signals to be removed after 40 nanoseconds, 
measured from the 1.5-volt point of the rising 
edge of the chip-select pulse. This Note discusses 
input loading of the device, recommended 
interface circuits, and the operation of the 
internal charge-pump. 

ICAN-6445 8 pages 

Memory-System Characteristics and Applica- 
tions of the CD4061A 

The CD4061A 256-word by 1-bit RAM is a 
versatile building block in medium-scale memory 
systems. This Note describes circuit and system 
applications concepts of the device and in- 
cludes design, timing, performance and testing 
details for a practical memory-system. 

MICROPROCESSOR INTEGRATED CIRCUITS 

ICAN-6416 8 pages 

An Introduction to Microprocessors and the 
RCA COSMAC COS/MOS Microprocessor 

A microprocessor, in addition to performing 
arithmetic and logical functions, can address 
memory, input, output, and store data, and 
make program branch decisions. This Note 
is an introduction to the fundamentals of 
microprocessors and to the specific capabilities 
of the RCA COSMAC microprocessor. 
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COS/MOS 

— 

■ CD4002A 

369 

COS/MOS 

944 

■CD4049B 

537 

COS/MQS 

926 

CD40107B 

640 

COS/MOS 

- 

■ CD4QQ2B 

509 

COS/MOS 

945 

■ CD4050A 

481 

cos/Mos 

599 

CD40108B 

641 

COS/MOS 

_ 

■ CD4006A 

372 

COS/MOS 

920 

■ CD4050B 

537 

COS/MOS 

926 

CD40109B 

644 

COS/MOS 

_ 

■ CD4007A 

375 

COS/MOS 

921 

■ CD4051B 

540 

COS/MOS 

902 

CD40181 B 

646 

COS/MOS 

_ 

■ CD4008A 

378 

COS/MOS 

950 

■ CD4052B 

540 

COS/MOS 

902 

CD40182B 

649 

COS/MOS 

__ 

■CD4008B 

511 

COS/MOS 

951 

■ CD4053B 

540 

COS/MOS 

902 

CD40192B 

651 

COS/MOS 

- 

■ CD4009A 

380 

COS/MOS 

939 

■CD4054B 

546 

COS/MOS 

634 

CD40193B 

651 

COS/MOS 



■CD4009B 

513 

COS/MOS 

940 

■ CD4055B 

546 

COS/MOS 

634 

CD40194B 

653 

COS/MOS 

_ 

■ CD4010A 

380 

COS/MOS 

939 

■CD4056B 

546 

COS/MOS 

634 

CD40257B 

655 

COS/MOS 

_ 

■CD4010B 

513 

COS/MOS 

940 

■CD4057A 

484 

COS/MOS 

635 

■CDP1801 

687 

MICROP 

900 

■ CD4011 A 

383 

COS/MOS 

946 

■CD4Q59A 

492 

COS/MOS 

898 

■ CDP1801C 

687 

MICROP 

900 

■ CD4011B 

517 

COS/MOS 

947 

■ CD4060A 

499 

COS/MOS 

813 

■CDP1801 CR 

687 

MICROP 

900 

■ CD4012A 

383 

COS/MOS 

946 

■ CD4061A 

663 

MEMORY 

768 

■ CDP1801CU 

687 

MICROP 

900 

■CD4012B 

517 

COS/MOS 

947 

■ CD4062A 

502 

COS/MOS 

816 

■ CDP1801 R 

687 

MICROP 

900 

■CD4013A 

386 

COS/MOS 

935 

■ CD4Q63B 

550 

COS/MOS 

805 

■CDP1801U 

687 

MICROP 

900 

■CD4013B 

519 

COS/MOS 

936 

■CD4066A 

506 

COS/MOS 

769 

C DP 1802 

692 

MICROP 

- 

■CD4014A 

389 

COS/MOS 

922 

■ CD4067B 

553 

COS/MOS 

909 

CDP1802C 

692 

MICROP 

_ 

■CD4015A 

391 

COS/MOS 

943 

■ CD4068B 

558 

COS/MOS 

809 

CDP1821S 

699 

MICROP 

_ 

■ CD4016A 

394 

COS/MOS 

952 

■ CD4069B 

561 

COS/MOS 

804 

CDP1821SC 

699 

MICROP 

_ 

■CD4016B 

522 

COS/MOS 

953 

■CD4070B 

564 

COS/MOS 

910 

CDP1822S 

701 

MICROP 

— 

■ CD4017A 

398 

COS/MOS 

927 

■ CD4071B 

566 

COS/MOS 

807 

CDP1822SC 

701 

MICROP 

— 

■ CD4018A 

402 

COS/MOS 

929 

■CD4072B 

566 

COS/MOS 

807 

CDP1824 

703 

MICROP 

_ 

■ CD4019A 

405 

COS/MOS 

923 

■ CD4073B 

569 

COS/MOS 

806 

CDP1824C 

703 

MICROP 

_ 

■ CD4020A 

407 

COS/MOS 

928 

■CD4075B 

566 

COS/MOS 

807 

CDP1831 

705 

MICROP 

_ 

■ CD4021 A 

410 

COS/MOS 

933 

■CD4076B 

572 

COS/MOS 

903 

CDP1831C 

705 

MICROP 

_ 

■CD4022A 

413 

cos/iyios 

919 

■ CD4077B 

564 

COS/MOS 

910 

CDP1832 

707 

MICROP 

— 

■ CD4023A 

383 

COS/MOS 

946 

■ CD4078B 

575 

COS/MOS 

810 

CDP1832C 

707 

MICROP 

- 

■ CD4023B 

517 

COS/MOS 

947 

■ CD4081B 

569 

COS/MOS 

806 

CDP1852 

709 

MICROP 

- 

■ CD4024A 

416 

COS/MOS 

930 

■CD4082B 

569 

COS/MOS 

806 

CDP1852C 

709 

MICROP 

- 

■ CD4025A 

369 

COS/MOS 

944 

■ CD4085B 

577 

COS/MOS 

811 

MW4050D 

668 

MEMORY 

- 

■ CD4025B 

509 

COS/MOS 

945 

■ CD4086B 

580 

COS/MOS 

812 

MW4050DV1 

668 

MEMORY 

- 


734 



Index to Devices 





Data 





Product 

Bulletin 



Type No. 

Page 

Line 

File No. 

Type No. 

Page 

MW4050DV2 668 

MEMORY 

- 

3N143 

322 

MW4060D 

671 

MEMORY 

_ 

3N152 

330 

MW4060DV1 

671 

MEMORY 

- 

3N153 

331 

MW4060DV2 671 

MEMORY 

- 

3N154 

332 

MW7001 1 

674 

MEMORY 

- 

3N159 

333 

MWS5001 

677 

MEMORY 

- 

3N187 

334 

MWS5040 

679 

MEMORY 

- 

3N200 

338 

MWS5501 

681 

MEMORY 

- 

3N211 

341 

MWS5540 

683 

MEMORY 

- 

3N212 

341 

3N128 

322 

MOS/FET 

309 

3N213 

341 

3N138 

324 

MOS/FET 

283 

40467 A 

345 

3N139 

325 

MOS/FET 

284 

40468 A 

346 

3N140 

326 

MOS/FET 

285 

40559A 

346 

3N141 

326 

MOS/FET 

285 

40600 

347 

3N142 

329 

MOS/FET 

286 

40601 

347 



Data 




Data 

Product 

Bulletin 



Product 

Bulletin 

Line 

File No. 

Type No. 

Page 

Line 

File No. 

MOS/FET 

309 

40602 

347 

MOS/FET 

333 

MOS/FET 

314 

40603 

348 

MOS/FET 

334 

MOS/FET 

320 

40604 

348 

MOS/FET 

334 

MOS/FET 

335 

40673 

349 

MOS/FET 

381 

MOS/FET 

336 

40819 

350 

MOS/FET 

463 

MOS/FET 

326 

40820 

351 

MOS/FET 

464 

MOS/FET 

436 

40821 

351 

MOS/FET 

464 

MOS/FET 

875 

40822 

353 

MOS/FET 

465 

MOS/FET 

875 

40823 

353 

MOS/FET 

465 

MOS/FET 

875 

40841 

354 

MOS/FET 

489 

MOS/FET 

324 





MOS/FET 

323 





MOS/FET 

323 





MOS/FET 

333 





MOS/FET 

333 







k 



